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often permits restitution of func- 
tion when the Central Nervous 
System has been exhausted by 
stress.) In an attempt to produce 
sleep without toxic manifestations, 
the Soviet researchers used hypno- 
sis, suggestion, and certain phys- 
ical hypnogenic stimuli, which 
helped keep the dosage of sedative 
drugs to a minimum. Actography 
was employed to measure the dura- 
tion of therapeutic sleep, making 
it possible to record the transi- 
tion from waking to sleep and vice 
versa, and to evaluate the efficacy 
of various measures in prolonging 
sleep. In a proportion of patients 
the higher nervous activity was 
investigated by experimental meth- 
ods, which served as a valuable 
supplement to the clinical observa- 
tions. 
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PHYSIOLOGY 


ROLE OF TRICARBOXYLIC ACID CYCLE IN MECHANISMS 
OF CHEMORECEPTION 


Téng Hsi-hsien 


Laboratory of General Physiology (Head — Academician V, N, Chernigovskii) 
of the Institute of Normal and Pathological Physiology (Director — Active 
Member AMN SSSR V., V. Parin), AMN SSSR, Moscow 

(Presented by Academician V, N, Chernigovskii) 

Translated from Byulleten' Eksperimental ‘noi Biologii i Meditsiny, Vol, 51, 
No, 1, pp. 3-8, January, 1961 

Original article submitted March 2, 1960 


A large number of works (2,9,10,11] devoted to a study of the mechanism of chemoreception of the carotid 
sinus zone and the intestine have been carried out so far, Many investigators have tried to solve this question by 
studying the effect of enzyme poisons on the reception of a number of chemical stimuli [5,7,13]. 


In a study of the chemoreception of the intestine, V. N. Chernigovskii suggested that different chemical 
stimuli could be divided into two groups according to their mode of action, Stimuli of the first group (carbon di- 
oxide, hypoxia, cyanide, etc.) bring about a change in tissue metabolism, and this results in excitation of the 


chemoreceptors, Stimuli of the second group (acetylcholine, nicotine, etc.) act directly on the receptors, The 
experimental basis of this hypothesis is the fact that derangement of tissue metabolism by monoiodoacetic acid 
or sodium fluoride causes a weakening or the disappearance of the response of intestinal receptors to carbon di- 
oxide, whereas the response to acetylcholine and nicotine remains unchanged [6,7,8]. 


However, in the works of C, V. Anichkov and M, L, Belen'kii [3,4], it was shown that disturbance of the 
metabolism in the tissue of the carotid gland by various poisons, particularly sodium fluoride and potassium cya- 
nide, led to a partial or complete suppression of the response of receptors to chemical stimuli of both groups, As 
a result of these investigations, the authors concluded that the mode of action of these stimuli was bound up with 
carbohydrate metabolism, 


In a study of the chemoreception of the intestine, N, A. Anikina[1] showed that the disagreement between 
the results of the investigators cited above might have been due to the different doses of enzyme poisons which 
they used, 


In research on chemoreception, various substances have been employed so far for causing derangement of 
metabolic processes, but the most widely used have been sodium fluoride, monoidoacetic acid, and potassium 
cyanide, Sodium fluoride and monoidoacetic acid inhibit glycolysis, while potassium cyanide inhibits the cyto- 
chrome — cytochrome oxidase system, 


In the present work, we investigated the role of the main reactions of the tricarboxylic acid cycle in chemo- 
receptive reflex processes, 


Experimental Method 


Thirty-six short-term experiments were carried out on cats under urethane narcosis, Isolated intestines, re- 
taining only nerve connections with the organism, were perfused, We determined the excitability of the receptors 
from the response of the blood circulation and respiration of the animal to the introduction of a1 ml solution 


> 


Fig. 1. Effect of sodium fluoride on excitability of receptors of small 
intestine with sodium pyruvate present, A) Perfusion of intestine with 
Ringer-Locke solution: a) reflex to acetylcholine 5 min before intro- 
duction of sodium fluoride (NaF) into perfusate; b, c, d, e) 10, 25, 60, 
and 70 min after introduction of NaF (5 ml, 107? g/ml); B) perfusion 
of intestine with Rirger-Locke solution containing sodium pyruvate in 
concentration 10°4g/ ml; f) reflex to acetylcholine 5 min before in- 
troduction of NaF; g, h, i, j) 10, 25, 60, and 70 min after introduction 
of NaF (5 ml, 10°? g/ml), Meaning of curves (from top to bottom): 
respiration, arterial pressure, zero line, rate of perfusion, time marks 
(5 sec), stimulation marks, 


containing 107* g of acetycholine into the isolated portion of the intestine. Sodium fluoride (3-5 ml of solution 
in concentration 10~* g/ ml) and hydroxylamine (5 ml of solution in concentration 10°? g/ ml) were used as in- 
hibitors of tissue metabolism, 


The latter substance, as we know, blocks the tricarboxylic acid cycle [12], Changes in total blood pressure 
and respiration were recorded by the usual methods, 


Experimental Results 


In the first series of investigations, nine experiments were carried out, The results of one of the experiments 
are shown in Fig. 1. In this experiment, as in other experiments of this series, a record was made of the initial 
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Fig. 2. Effect of sodium fluoride on excitability 
of receptors of small intestine with neutralized 
lactic acid present, A) Perfusion of gut with 
Ringer-Locke solution: a) reflex to acetylcholine 
5 min before addition of sodium fluoride (NaF) to 
perfusate; b,c, d)5, 15, and 55 min after intro- 
duction of NaF (5 ml, 10°? g/ml), B) Perfusion 
with Ringer-Locke solution neutralized 
lactic acid in concentration 10~* g/ml: e) reflex 
to acetylcholine 5 min before introduction of NaF; 
f,g,h) 5, 15, and 55 min after introduction of NaF 
(5 ml, 107? g/ml), Meaning of curves as in Fig.1 


reflex to the introduction of 1 ml acetylcholine solu- 
tion in concentration 10~* g/ ml into the vessels of the 
perfused intestine (Fig. 1a), This was followed by the 
introduction of 5 ml of sodium fluoride solution in 
concentration 10~” g/ml, Ten to seventy minutes 
after the introduction of sodium fluoride we tested the 
response of the intestinal receptors to acetylcholine, 
We found that 10 min after the introduction of sodium 
fluoride the reflex to acetylcholine was considerably 
reduced (Fig. 1b),* 


After 25, 60, and 70 min, the reflex to acetyl- 
choline was gradually restored (Figs. Ic,d,e), When 
the reflex to acetylcholine was almost fully restored, 
we began to perfuse the gut with a Ringer-Locke solu- 
tion containing sodium pyruvate in concentration 1074 
g/ml, 


The reflex produced by acetylcholine was dis- 
tinctly expressed in these conditions (Fig. 1f), After 
this, sodium fluoride was again added to the perfusate, 
and over a long period (10, 25, 60, and 70 min after 
introduction of sodium fluoride), the reflex to acetyl- 
choline not only failed to disappear, but even exceeded 
the level of the original reflex (Figs. 1g,h,i,j). 


The obtained facts can be explained in the fol- 
lowing way. As we know, pyruvic acid, being a prod- 
uct of glycolysis, is incorporated into the tricarboxylic 
acid cycle and is oxidized to carbon dioxide and water, 
Sodium fluoride, by disturbing glycolysis, particularly 
the function of enolase, prevents the formation of py- 
ruvic acid, Thus, this inhibitor, by preventing gly- 
colysis, at the same time inhibits the tricarboxylic 
acid cycle, This is probably why the chemoreception 
of the intestine is depressed, The addition to the per- 
fusate of sodium pyruvate against a background of gly- 
colysis inhibited by sodium fluoride makes the tricar- 
boxylic acid cycle possible, and inhibition of che mo- 
reception of the intestine is not manifested in this case, 


To test this hypothesis, we conducted another 
series of experiments on seven cats, In this series, we 
replaced the pyruvic acid by neutralized lactic acid, 
When oxygen is present, lactic acid is transformed 
under the action of a specific dehydrogenase into py- 
ruvic acid and is thus incorporated in the tricarboxylic 
acid cycle, If, in the case of inhibition of glycolysis, 
the restoring action of sodium pyruvate on chemore- 
ception does, in fact, depend on the pyruvic acid pro- 
moting the tricarboxylic acid cycle, then, in these 
conditions, the lactic acid, by undergoing transforma- 
tion into pyruvic, ought to have a similar effect, 


*The disagreement between our results and those of V. N, Chernigovskii in regard to the effect of NaF on the re- 


sponse to acetylcholine was probably due to the use of different doses of NaF, V.N. Chernigovskii used 3 ml of 
NaF solution in concentration 10°* g/ml in his experiments [8], while we used 5 ml in concentration 107? g/ml, 
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Fig. 3, Reactions of circulation and respiration to stimulation of re- 
ceptors of small intestine by acetylcholine (1 ml, 10°* g/ml), A) 
Perfusion of cat intestine with Ringer-Locke solution: a) reflex to 
acetylcholine 5 min before introduction of hydroxylamine (NH,OH) 
to perfusate; b,c,d,e) 10,30,45, and 60 min after introduction of 
NH,OH (5 ml, 107? g/ ml), B) Perfusion of intestine with Ringer- 
Locke solution containing sodium pyruvate in concentration 10~* 
g/ml; f) reflex to acetylcholine 5 min before introduction of 
NH,OH; g,h,i,j) 10,30,45, and 60 min after introduction of NH,OH 
(5 ml, 10°? g/ml), Meanings of curves as in Fig, 1. 


The obtained results confirmed this hypothesis, Figure 2a shows the initial reflex to acetylcholine before 
poisoning of the intestine with sodium fluoride, Five and 15 minutes after the introduction of sodium fluoride, 
the reflex to acetylcholine was greatly reduced (Figs, 2b,c), and after 55 min it was completely restored (Fig. 2d), 
After this, the intestine was perfused with Ringer-Locke solution containing neutralized lactic acid in concentra- 
tion 10°* g/ml, Against this background we tested the reflex to acetylcholine before (Fig, 2e) and after intro- 
duction of sodium fluoride (Figs, 2f,g,h). We found that the addition of neutralized lactic acid to the perfusate 
considerably accelerated the restoration of the acetylcholine reflex, which had been inhibited by sodium fluoride, 
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It was of considerable interest to test how the chemoreception of the intestine was affected by hydroxyl- 
amine, an enzyme poison which inhibits several reactions of the tricarboxylic acid cycle (condensation of acetic 
and oxaloacetic acids, dehydrogenation of ketoglutaric acid, and so on), thus disturbing the tricarboxylic acid 
cycle as a whole, For this purpose, we added hydroxylamine (5 ml in concentration 10°? g/ml) to the perfusate 
in eight experiments conducted by the same method, Figure 3a shows the initial reflex produced by acetylcho- 
line before the addition of hydroxylamine, Ten minutes after the introduction of hydroxylamine, the reflex to 
acetylcholine was reduced (Fig. 3b), and after 30, 45, and 60 min it was gradually restored (Figs, 3c,d,e), Switch- 
ing to perfusion with Ringer-Locke solution containing sodium pyruvate in concentration 1074 g/ ml did not re- 
move the inhibiting effect of hydroxylamine on the reflex produced by acetylcholine (Figs. 3g,h,i,j). 


These data indicate that the effect of sodium pyruvate on restoration of the reception of acetylcholine 
after the action of sodium fluoride (see Fig. 1, B) is due to the fact that this acid makes the tricarboxylic acid 
cycle possible when glycolysis is inhibited, In the case of blocking of the tricarboxylic acid cycle by hydroxyl- 
amine, the inhibition of the reflexes to the acetylcholine cannot be removed by pyruvic acid. 


From the results outlined above, we can conclude that substances inhibiting chemoreception of the intest- 
ine include not only glycolysis inhibitors, but inhibitors of the tricarboxylic acid cycle, Hence, all the links of 
tissue energy metabolism are connected with the chemoreception of the intestine, However, the roles of differ- 
ent links of metabolism in the mechanism of receptor excitation are apparently not the same, Glycolysis creates 
the necessary conditions for realization of the tricarboxylic acid cycle, It can be replaced, to some extent, by 
the end product — pyruvic acid, which promotes the tricarboxylic acid cycle, Thus, it appears that the process 
of chemoreceptive reflexes is more closely associated with oxidative metabolism than with glycolysis, 


SUMMARY 


Short-term experiments were performed on cats, The isolated intestine, retaining connections with the 
organism, was perfused with various substances, The glycolysis inhibitor (sodium fluoride) and inhibitor of the 
tricarboxylic acid cycle (hydroxylamine) depress the intestinal sensitivity to acetylcholine, Addition of the final 
product of glycolysis to the perfusate (pyruvic or lactic acid) accelerates the restoration of intestinal receptor 
sensitivity disturbed by sodium fluoride; however, it does not aid in restoration of the intestinal receptor sensi- 
tivity disturbed by hydroxylamine, 


The data presented above lead to the conclusion that not only inhibitors of glycolysis, but also of the tri- 
carboxylic acid cycle belong to the group of substances inhibiting chemoreception, Consequently, all the links 
of tissue-energy metabolism are connected with the intestinal chemoreception, 
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* a MECHANISM OF CHANGES IN VASCULAR CHEMORECEPTORS 
3 ON ADAPTATION OF REFLEXES 
( 4 V. V. Frol’kis, Z. I. Bushmakina, and I. V. Shchegoleva 
E Department of Normal Physiology (Head — Academician AN UkrSSR G, V. Fol"bort® ) 
of Kiev Medical Institute and the Laboratory of Physiology (Head — Dr. Med, Sci. V. V. Frol’kis) 
of the Institute of Gerontology and Experimental Pathology 
(Presented by Academician V. N. Chernigovskii) 
; Translated from Byulleten* Eksperimental'noi Biologii i Meditsiny, Vol, 51, 
3 No, 1, pp. 8-13, January, 1961 
ad Original article submitted January 4, 1960 
4 ; Research on the nature of reflex reactions with change in receptor metabolism is attracting the interest of 
yg investigators as a possible way of revealing the mechanisms of reception and the nature of the processes underly- 
g ing excitation, This accounts for the attention being devoted to these investigations by several leading schools 
= of physiology (V. N. Chernigovskii and colleagues, C, F. Anichkov and colleagues, Heymans and colleagues), 
= 
= An important result of studies in this direction has been the demonstration of the relation between recep- 
i tion and the course of carbohydrate-phosphorus metabolism, oxidation-reduction processes, and the activity of 
4 sulfhydryl groups in sensitive nerve endings. Attention has been centered particularly on the changes in metabo- 
i lism of the chemoreceptors under the action of acetylcholine and cyanide compounds, i.e., the two most univers- 
al stimuli of vascular receptors (1-11, 14]. 


A study of the mechanism of the changes occurring in the receptors in the case of prolonged action of 
stimuli and adaptation of reflexes is of considerable interest, The value of such an approach becomes clear when 
we consider that, firstly, prolonged action of a stimulus on a vessel wall occurs very often in natural conditions 
of existence of the organism; secondly, changes in the receptor metabolism occurring on excitation can be more 
easily detected with prolonged action of stimuli; and, thirdly, a study of the restoration of the function of re- 
ceptors after their adaptation can bring us nearer to discovering the main metabolic link of their excitation, 


Experimental Method 


The experiments were conducted on 24 rabbits and 12 cats under chloral hydrate or urethane narcosis, We 
registered the changes in blood pressure (mercury and membrane manometers) and respiration (Marey's capsule 
connected to tracheal cannula) following stimulation of the vascular chemoreceptors in the isolated rabbit ear, 
in a loop of the small intestine, and in the carotid sinus of the rabbit and cat, The vessels of these regions were 
perfused with Ringer-Locke solution under pressure and at constant temperature, The pressure in the perfusion 
system was below the threshold of excitability of the vascular baroreceptors, 


For exciting or depressing the activity of the chemoreceptors, we added the following substances to the 
Ringer-Locke solution without altering the pressure in the perfusion system: acetylcholine (1 10° Sto 1 +1074 - 
32 experiments), adrenalin (1 * 10~°— 24 experiments), cysteine (1 + 10°4— 21 experiments), ATP (1 * 1074— 
12 experiments), sodium fluoride (6,6 * 10°*— 14 experiments), cadmium chloride (2 + 10~*— 18 experiments), 
and proserine (neostigmine) (1 * 1075 to 1 » 10°°— 6 experiments), 


* Deceased, 
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Fig. 1. Effect of cadmium chloride on degree and time of adaptation of reflexes in 
stimulation of cat carotid sinus receptors by acetylcholine, Meaning of curves (top to 
bottom): pressure in common carotid artery (membrane manometer); the same (mer- 
cury manometer); initial pressure level; respiration trace; zero line; time marks (5 
sec); a) change in blood pressure on perfusion with acetycholine (1 + 10~*); b) the 
same on perfusion with calcium chloride solution (2 * 10 *); c) the same on repeat 
perfusion with acetylcholine (1 + 10°‘), Arrows indicate start of action of stimulus, 
al) Acetylcholine 1 + 10°4; b1) CaCl, 2 « 1074; ¢1) acetylcholine 1 « 1074, 


Experimental Results 


When the vascular region of the isolated rabbit ear (18 experiments), the vessels of an isolated loop of the 
small intestine and of the carotid sinus of the rabbit (24 experiments), and cat (12 experiments) were perfused 
with acetylcholine (1 ° 107*), and adrenaline (1 * 107°) solutions we noted reflex changes in the blood pressure 
and in the rhythm and depth of respiration, With prolonged action of these stimuli, despite the continuing per- 
fusion, a restoration of the initial level of blood pressure and respiration was recorded — adaptation of the re- 
flexes occurred, A fundamentally similar effect was observed by M, L, Belen*kii [6] on perfusion of the carotid 
sinus by potassium cyanide solutions, 


It should be noted that the changes in blood pressure on stimulation of the chemoreceptors of different 
vascular regions were not of the same nature, For instance, on stimulation of the vascular receptors of the in- 
testine and carotid sinus with acetylcholine, we observed a pressor reaction, while on stimulation of the receptors 
of the ear vessels we often observed a fall in blood pressure, 


A prior perfusion of the vascular regions with a solution of cadmium chloride which, as we know, binds 
sulfhydryl groups, led either to a complete disappearance of the reflexes when the receptors were stimulated by 
acetylcholine or adrenalin, or to a pronounced reduction in the time of adaptation of these reflexes (Fig. 1). 


The time for adaptation of the reflexes in the case of acetylcholine and adrenalin changed when the carbo- 
hydrate-phosphorus metabolism was destroyed by the introduction of sodium fluoride (6,6 * 107°), We should note 
that sodium fluoride had a different effect on adaptation of reflexes induced by different stimuli: the reflexes 
due to adrenalin (8 experiments) were first to disappear, then those due to acetylcholine, and, last of all, those 
due to stimulation of the vascular mechanoreceptors, Within a definite period of action of sodium fluoride acetyl- 
choline still caused a response, but adaptation very soon set in (5 experiments), 


The time for adaptation of the reflexes on stimulation by acetylcholine varied considerably when cysteine 
(1 + 1074), a donor of sulfhydryl groups, was added to the perfusate, In this case, the time for adaptation of the 
reflex in 12 out of 18 experiments was 1}-2 times longer than usual, We should point out that cysteine itself did 
not cause any appreciable change in blood pressure or respiration, 
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Fig. 2. Effect of ATP and cysteine on restoration of reaction after adaptation of reflex 
following prolonged action of acetylcholine on vascular chemoreceptors of small intest- 
ine of cat, Meaning of curves (top to bottom): pressure in common carotid artery 
(membrane manometer); the same (mercury manometer ); initial pressure levels; respira- 
tion trace; zero line; time marks (5 sec); a) action of acetylcholine; b) action of 
acetylcholine after previous perfusion of vessels with ATP (1 * 107‘); c) action of acetyl- 
choline after previous perfusion of vessels with cysteine (1 + 10°‘), Arrows indicate start 
of action of stimulus, al, b1, cl) Acetylcholine, 1 ° 1074, 


Fig. 3. Restorative effect of cysteine on reflex reaction following stimulation of vascu- 
lar chemoreceptors of small intestine of cat by adrenalin. Meaning of curves (top to 
bottom): pressure in common carotid artery (membrane manometer); the same ( mer- 
cury manometer); initial pressure level (b, d, and e); zero line; respiracion trace; time 
marks (5 sec); a) action of cysteine (1 * 10°‘); b) action of adrenalin (1 + 107); c) 
action of cadmium chloride (2 + 1074); d) action of adrenalin (1 - 107°) after cadmium 
chloride; e) action of cysteine (1 + 10°), Arrows denote start of action of stimulus, al, 
e1) Cysteine, 1° 107*; bi, dl) adrenalin, 1 10°°, 


In a considerable number of experiments, after the attainment of adaptation of the reflexes due to acetyl- 
choline and adrenalin, we added to the perfusate substances selectively activating different sides of the metabo- 
lism in the sensitive nerve endings, We found that we could again evoke the corresponding reflex reaction by in- 
terfering with the metabolism in the receptors, This restorative effect was manifested in varying degree in the 
stimulation of different receptive fields, and was least expressed in the case of stimulation of the carotid sinus 
receptors, 
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Different substances possessed a different restorative effect on the vascular receptors, After adaptation of 
the reflexes due to acetylcholine, a brief perfusion of the vascular region with ATP or cysteine restored the ini- 
tial reaction to acetylcholine, The restorative effect of cysteine, however, was much greater (Fig, 2). 


In these experiments, acetylcholine was again added to the perfusion liquid 1-1} min after the action of 
cysteine or ATP, In control experiments, there was no restoration of the reflexes due to acetylcholine during this 
time. On stimulation of the receptors by adrenalin, the restorative effect following the action of ATP was more 
pronounced, The restorative effect of ATP after adaptation of the reflexes due to acetylcholine was considerably 
enhanced in the case of a previous perfusion with acetylcholine and cysteine simultaneously, For instance, addi- 
tion of ATP to the perfusion liquid in seven experiments on vessels of the cat intestine after adaptation of the re- 
flex due to acetylcholine led to a 20-55% restoration of the reaction, judging from the change in blood pressure. 
The addition of ATP after adaptation of the reflexes following perfusion with acetylcholine and cysteine simul- 
taneously led to a 40-80% restoration of the reaction, 


In several cases, the introduction of cysteine after adaptation of the reflexes due to acetylcholine and 
adrenalin, or after removal of the effect by cadmium chloride produced the effect characteristic of adrenalin or 
acetylcholine, In other words, cysteine appeared to repeat the effect of the previously acting stimulus (i.e., 
acetylcholine or adrenalin). 


As the curve shows (Fig. 3), the passage of cysteine through the vessels of the small intestine produced no 
change in the blood pressure or respiration (Fig, 3a), Perfusion with adrenalin led to a pronounced pressor effect 
(Fig. 3b), and cadmium chloride removed the effect of adrenalin (Figs, 3c,d), Subsequent perfusion with cysteine 
again produced a pressor effect (Fig, 3e). 


The addition of a mixture of acetylcholine and proserine to the perfusion liquid did not significantly alter 
the time of adaptation of the reflexes. 


The most general result of our investigation is the conclusion that significant changes occur in the meta- 
bolism of vascular receptors on adaptation of the reflexes, When the action of the stimuli is prolonged, changes 
occur in the carbohydrate phosphorus metabolism, the metabolism of sulfhydryl compounds, in the sensitive nerve 
endings, The decisive role of these metabolic processes in maintaining prolonged excitation is indicated by the 
pronounced reduction in the time of adaptation after the action of cadmium chloride or sodium fluoride on the 
receptors, The energy potential of the carbohydrate-phosphorus metabolism is obviously of particular importance 
for maintaining prolonged excitation, 


An interesting approach toward an understanding of the nature of metabolic transformations in the adapta- 
tion of reflexes is revealed by attempts to restore the initial magnitude of the responses by directed interference 
with the receptor metabolism, 


The adaptation of reflexes on prolonged action of acetylcholine cannot be attributed to inactivation of 
acetylcholine, by the action of cholinesterase, for instance, This was indicated by the experiments in which pro- 
serine was added to the perfusion liquid without altering the course of adaptation of the reflexes, Cysteine had 

a considerable restorative action, sometimes more pronounced than that of ATP, It is obvious that the individual 
links of the complex chain of metabolic transformations causing excitation in the receptors are unequally affected 
on adaptation, First of all, there is a reduction in the activity of sulfhydryl enzymes, which play an important 
role, particularly in processes of carbohydrate- phosphorus metabolism, 


The change in the activity of this link "guards? as it were, against the exhaustion of the energy potentials 
of the nerve elements, their high-energy phosphorus compounds, We showed that, if prolonged excitation of re- 
ceptors is maintained in conditions where the activity of sulfhydryl compounds is not reduced (simultaneous per- 
fusion with acetylcholine and cysteine), the subsequent links of metabolisin assume decisive importance in adapta- 
tion, In these cases, the restorative effect of ATP is more pronounced, We should point out that, in the case of 
adaptation of reflexes on perfusion with an adrenalin solution, such a sequence could not be detected, 


In subsequent investigations, it will be important to discover the role of relations between the changes in 
the individual links of the reflex are for the development of adaptation of reflexes, The changes occurring in 

the nerve centers [12,14], effectors, and receptors on adaptation of reflexes indicate the extreme complexity and 
variety of mechanisms governing the phenomenon under investigation, 
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SUMMARY 


The authors studied the changes in the arterial blood pressure and respiration occurring on perfusion of the 
vessels of the rabbit ear, and of the small intestine and carotid sinus in cat and rabbit with acetylcholine and 
adrenalin solutions, Administration of cadmium chloride and sodium fluoride has markedly reduced the time of 
adaptation of these reflexes, The reflex reaction after its adaptation was restored, in a number of cases, by the 
addition of cysteine and adenosine triphosphate tothe perfusate, This effect of cysteine was more pronounced after 
the adaptation of the reflexes to acetylcholine. The changes occurring in various metabolic links in the receptors 


during reflex adaptation are discussed, 
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We showed [6,7], that carbohydrate metabolism is one of the important factors in the provision of energy 
for maintaining the generation of nerve impulses in the receptors of frog skin, The action of glucose, or glucose 
and insulin on the skin of the foot causes an intensification of the generation of impulses in the receptors, and, 
as a result, the afferent impulsation is enhanced, and the time of the reflex by Turck*s method is shortened, The 
same effect is produced by an additional supply of inorganic phosphates to the receptors, Insulin employed with- 
out glucose, on the other hand, causes a considerable reduction of the strength and frequency of the generated 
impulses and an increase in the time of reflex, The action of adrenalin leads to a brief enhancement of the im- 
pulsation and its subsequent weakening. 


In this work, we studied how the generation of nervous impulses in the receptors was affected by the intro- 
duction of high-energy phosphates in the form of the sodium salt of adenosine triphosphoric acid (ATP), and also 
by the exclusion of phosphorylation and glycolysis, ice., processes which lead to the formation of high-energy 
phosphates, 


Method 


The method consisted in a comparison of the frequency and amplitude of the afferent impulsation in the 
peripheral section of the frog sciatic nerve before and after the action of the investigated agents in the receptor 
field, The work was conducted on frogs with a destroyed central nervous system, For the registration we used 
platinum air electrodes with interelectrode distance 6-10 mm, The potentials were recorded on the loop oscillo- 
graph MPO-2 with an amplifier, The animals were screened, After determination of the initial background of 
impulses, one of the feet was immersed for 10-15 min in a solution of the test substance, and the other foot (con- 
trol) was immersed for the same time in Ringer's solution, A second recording of the impulsation was made 5 
min after removal of the feet from the solution, We studied both “spontaneous” impulsation, as well as impulsa- 
tion due to stimulation of the receptors by sulfuric acid, 


The action of a 1;1000-1;2000 ATP solution on the skin of the frog's foot leads to an increase in frequency 
and, in particular, amplitude of the spontaneous impulsation (Fig, 1a), Stimulation of the skin by sulfuric acid, 
in this case, as compared with the same stimulation of the skin of the control foot (not subjected to action of 
ATP), produces a greater increase in the frequency and amplitude of the impulses, These results are in good 
agreement with the fact established in experiments on the carotid gland receptors [3] and on the intestinal chemo- 
receptors [5]— the functionability of these receptors after their "exhaustion"’ can be restored by the addition of 
ATP, They are also confirmed by histochemical investigations [9] in which jt was found that the receptors contain 
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a specific adenosine triphosphatase, and that the en- 
s ancement of the receptor activity is associated 
with an increase in the activity of this adenosine 
triphosphatase and with the accumulation of ortho- 
at phosphates [9]. 
| | 
fa The exclusion of oxidative phosphorylation 
Fs HOeevetecebbevedubuvedantin in the skin of the frog*’s foot by immersing it in a 
q 1;:1000-1:5000 solution of 2,4-dinitrophenol leads 
p to a pronounced and steadily increasing depression 
a of the spontaneous impulsation (Fig. 1b), and, in 
: some experiments, to its complete, or almost com- 
fi plete cessation, In these conditions, stimulation of 
the foot with sulfuric acid produces only a very weak 


Fig. 1. Spontaneous impulsation of Fig. 2. Spontaneous impulsation of 
peripheral section of frog sciatic nerve. peripheral section of frog sciatic nerve. 


a) Before (1) and after (2) action of a) Before action; b) 5 sec after; c) 15 
- ATP on skin of foot; b) before (1), sec after action of sodium fluoride on 
after (2) action of 2,4-dinitrophenol, skin of foot; d) after subsequent action 
| and after subsequent action of ATP (3); of lactic acid, 
: c) before (1), after (2) action of mono- 
a idoacetic acid on skin of foot, and 


after subsequent action of ATP (3), 


impulsation — very much weaker than in the foot with intact metabolism, Immersion of a foot previously sub- 
jected to the action of 2,4-dinitrophenol in a solution of the sodium salt of ATP restores, through not completely, 
the frequency and amplitude of the spontaneous impulsation reduced by 2,4-dinitrophenol (Fig, 1b), Hence, oxi- 
dative phosphorylation, i.e., the process playing the most important role in the production of high-energy phosph- 
ates, according to the data of I. F, Seits and V, A. Engel'gardt [10], is also of great importance for maintaining 
the functionability of the receptors, In the absence of oxidative phosphorylation, the functionability of the re- 
ceptors can be partially restored by the artificial introduction of high-energy phosphates to replace it, 


The action on the skin of the frog*s foot of a 1:2000-1:5000 solution of monoiodoacetic acid, a substance 
which blocks glycolysis at relatively early stages, leads to a gradual reduction in the frequency and amplitude of 
the spontaneous impulsation of the skin receptors (Fig. 1c), Stimulation by sulfuric acid in these conditions causes 
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More than 1 min 


Left Right 


Ey Time of reflex 


More than 1 min 


Left Right 


Fig. 3. Relation between time of the reflex by Ttirck's meth- 
od and frequency of afferent impulses, Explanation in text, 


a smaller increase in frequency and amplitude of the impulses than similar treatment of a control foot in which 
glycolysis in the skin is not blocked, These results agree with those obtained by other authors for the chemore- 
ceptors of the carotid gland and the internal organs [1,2,4,8,11,12]. In our experiments, immersion of the foot 

in an ATP solution partially restored the frequency and amplitude of the impulsation which had been weakened 
by the effect of monoiodoacetic acid (see Fig. 1c), ice., we observed the same effect as in experiments in which 
oxidative phosphorylation was inhibited by 2,4-dinitrophenol, We can conclude from this that, in the frog's skin 
chemoreceptors, the links of glycolysis which are blocked by monoiodoacetic acid, together with oxidative 
phosphorylation, play an important role in maintaining the quantity of high-energy phosphates at the level neces- 
sary to ensure the normal functioning of the receptors, 


The action on the skin of the frog's foot of a 1:25-1:100 solution of sodium fluoride, i,e., a substance which 
blocks not the early, but the late, stages of glycolysis, produces an effect exactly the reverse of that produced by 
monoiodoacetic acid; the frequency and amplitude of the spontaneous impulsation are not reduced but, on the 
contrary, are considerably increased (Figs, 2a,b,c), At concentration 1:25, the flow of very large and frequent 
impulses continues for 20-30 min after removal of the sodium fluoride from the skin, Immersion of the foot in 
a 1;100 lactic acid solution completely removes this effect of sodium fluoride and restores the frequency and 
amplitude of the spontaneous impulsation to their initial values (Fig, 2d), In control experiments lactic acid had 
no effect on the spontaneous impulsation, It follows from these experiments that lactic acid during glycolysis 
has a suppressive effect on the generation of impulses in the receptors of the frog's foot, At present it is difficult 
to determine the cause of this effect. It is possibly due to part of the oxygen supplied by respiration being used 
up on oxidation of the lactic acid, thus limiting the rate of oxidative phosphorylation and, concomitantly, the 
supply of high-energy phosphates for impulse generation, 
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An investigation of the time of the reflex by Ttlrck's method showed that the reflex flexure of a foot sub- 
jected to stimulation by sulfuric acid was considerably retarded and might even be absent altogether after the 
action, not only of 2,4-dinitrophenol or monoiodoacetic acid, but also of sodium fluoride [7], on the skin of this 
foot, Figure 3 shows the relation between the time of the reflex by Ttirck’s method and the afferent impulsation 
in two frogs. The left foot of one of these had been subjected to the action of 2,4-dinitrophenol (a), and the left 
foot of the other to sodium fluoride (b), The right feet served as a control, In the first case (a), the long time 
of the reflex was accompanied by less intense impulsation than in the control foot, and in the second (b), the 
same long time of the reflex was accompanied by more intense impulsation than in the control. 


Since 2,4-dinitrophenol and monoiodoacetic acid reduce the frequency and amplitude of the impulsation, 
the reason for the longer reflex time produced by them was obviously the weakening of the flow of impulses to 
the spinal column, Sodium fluoride, however, did not reduce but, on the contrary, greatly increased the frequen- 
cy and amplitude of the impulsation arising in the skin receptors: the cause of the delay, and even complete 
cessation of the reflex in this case was probably the development of a pessimum in the spinal column owing to 
the excess intensity of impulses flowing to it, These experiments point out that the functional state of receptors 
cannot be determined from reflex effects alone, and that it is absolutely essential to employ the method of re- 
cording the afferent impulsation, 


The results given here fit in well with the information which indicates that the functional state of frog skin 
receptors depends on the action of carbohydrate metabolism factors (glucose, insulin, adrenalin, sodium phosphate ) 
on them, In correspondence with modern ideas on the biochemistry of nervous tissues, these results show that 
oxidative phosphorylation, glycolysis, and the high-energy phosphates formed in these processes play an import- 
ant role in providing the energy for the functioning of these receptors. 


SUMMARY 


The functional conditions of cutaneous receptors in the frog's extremity is maintained at the expense of 
the energy provided by respiratory phosphorylation and glycolysis, As proved by experiments with the registra- 
tion of the afferent impulsation in the peripheral portion of the sciatic nerve, submersion of the extremity in the 
ATP solution provokes an increase in the frequency and amplitude of spontaneous impulsation., 


Exclusion of respiratory phosphorylation in the skin of extremity by means of 2,4-dinitrophenol, as well as 
exclusion of glycolysis by monoiodoacetic acid results in the decline of the ATP, 


This impulsation is partially restored by amplitude and the frequency of the recorded impulses, 


Conversely, exclusion of glycolysis by sodium fluoride, intensifies the impulsation, while lactic acid re- 
stores the impulsation to the initial level, 
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The introduction of therapeutic substances into the vascular bed occupies an important place in the system 
of therapeutic measures, 


The medicines introduced into the blood stream can produce changes in the activity of the body systems, 
including the respiratory and cardiovascular systems, either by direct action on their peripheral elements, or by 
reflex processes, or by direct action on the nervous centers, 


The question of the role of receptors of vessels, capillaries, and tissues in the reflex component of the ef- 
fect of intravascular injections of medicines and chemical stimuli on the respiration and blood circulation has 
not been settled experimentally, 


V. N. Chernigovskii (9, 10], L. M, Ishimova [6], and A, D. Ado [1] believe that the effects induced by in- 
travascular injection of chemical stimuli are due to excitation of the tissue receptors, The difference in the re- 
flex effects on respiration and circulation following theintra-arterial and intravenous injection of chemical stimu- 
li is attributed to the excitation of local tissue receptors with intra-arterialinjection of the substance and the ab- 
sence of such excitation with intravenous injection, 


T. A. Grigor'eva [4,5] and V. V. Kupriyanov [8] assign the chemoreceptive function of the organism to the 
vascular-tissue receptors providing innervation of the capillaries and the connective tissue surrounding them, 
Heger [11] and P, Yu. Kaufman [7] regard the capillary receptors as solely responsible for the response of organs 
to chemical influences, 


Pagano [12], V. S. Galkin [3], and A, G. Bukhtiyarov [2] ascribe the reflex effects observed on intravascular 
injection of chemical stimuli primarily to the stimulation of the vessel receptors, The difference in reactions of 
of the respiratory and cardiovascularsystems with intra-arterial and intravenous injection of chemical stimuli is re- 
garded as the result of chemical stimulation of different kinds of vessel receptors,On intra-arterial injection of 
chemical stimuli, the arterial receptors are excited, and on intravenous injection the venous receptors are excited, 


The contradictory opinions as to the role of vascular receptors in the mechanism of the respiration and cir- 
culation reactions induced by intravascular injection of chemical stimuli have led us to investigate this process 
experimentally, 
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Method of Experiments 


The experiments were performed on 62 cats under 
intravenous urethane narcosis, We recorded the respira- 
tion and arterial pressure, We used the method of perfu- 
sion of the vascularly isolated hind limb, The femoral 
and sciatic nerves were undamaged, The limbs were per- 
fused with Ringer-Locke solution through cannulae insert- 
ed into the peripheral sections of the femoral vessels, The 
direction of flow of the perfusion liquid through the limb 
vessels was varied, For “direct” perfusion of the limb, 
the Ringer-Locke solution passed into the limb vessels 
through the cannula inserted into the artery and flowed 
out of the organ through the vein, On “reverse” perfusion 
of the limb, the perfusion liquid flowed into the vessels 
through the cannula inserted into the vein and flowed 
out through the arterial system, In “direct” perfusion of 
the limb, the chemical stimuli were introduced into the 
flow of Ringer-Locke solution through the cannula inserted 
into the artery, and in “reverse® perfusion they were intro- 
duced through the cannula inserted in the vein, 


Fig. 1. Nature of reflex effects on respiration 
and circulation on delivery of chemical stimuli 
to the limb receptors by “direct” and “reverse® Experimental Results 


The delivery of 0.5 mlof 20%sodium chloride solu- 
arterial pressure, respiration, heartbeat; drop- 

: tion to the receptors of the hind limb by “reverse® perfu- 
recorder marks, stimulation marks, time marks 
sion produced hypertension and dyspnea(Fig. 1a), The 

nding 4 B delivery of the chemical stimulus to the receptors of the 

limb by “direct” perfusion was accompanied y similar 
changes in respiration and circulation (Fig. 1b). 


It should be noted that when the solution of substance 
was supplied to the hind limb receptors through the venous 
bed, the latent period of the reflex reactions of the respira- 
tion and circulation was longer than when this substance 
acted on the organ receptors through the arterial bed, 


In addition to the above method, we inserted an in- 
jecting needle into the subcutaneous vein at the back of 
the foot, In “direct perfusion of the organ, the chemical 
stimulus introduced into the subcutaneous vein through the 
needle passed through the veins of the limb and issued 
from the organ through the cannula inserted in the vein, 
Fig. 2. Direct relationship between latent The chemical stimulus acted on the vein receptors, but 
period of reactions of cardiovascular system did not penetrate into the capillaries, 

and length of path of chemical stimulus intro- 
duced into different veins of greater circula- 
tion, Meaning of curves (top to bottom): de- 
pressor reaction on injection of chemical stimu- 
lus into subcutaneous vein at back of foot, into 
femoral vein, and into jugular vein; stimula- 
tion marks and time marks (0,45 sec), Explana- 
tion in text, 1) Subcutaneous vein; 2) femoral 
vein; 3) external jugular vein; 4) acetylcho- These results show that, in the case of intravenous 
line, injection of chemical stimuli the venous receptors are not 
responsible for the respiration and circulation reactions, 


We found that flushing of the limb veins with a 
number of chemical stimuli was not accompanied by 
respiration and circulation reactions, However, on "re- 
verse" perfusion of the limb, the introduction of chemical 
stimuli into the flow of Ringer-Locke solution by means 
of the cannula inserted into the vein produced hyperten- 
sion, tachycardia, and dyspnea, 
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Fig. 3. Effects produced by acetylcholine introduced into vessels of limb connected 
with organism by femoral vessels and femoral and sciatic nerves, Meaning of curves 
(top to bottom): arterial pressure, respiration, heartbeat, stimulation marks, time 
marks (5 sec), Explanation in text. 


In this connection, it was important to compare the latent period of reflex reactions of the respiratory and 
cardiovascular systems following the introduction of chemical stimuli into different veins of the greater circula- 
tion, 


The corresponding experiments showed that the latent period of hypotensive reaction on injection of acetyl- 
choline into the jugular vein was shorter than on injection into the femoral vein, and shorter again than on in- 
jection into the subcutaneous vein at the back of the foot of the hind limb (Fig. 2). 


The role of the vascular receptors in the mechanism of the respiration and circulation reactions following 
intravascular injection of substances was also studied on animals with the limb amputated at the upper part of 
the femur, but still connected to the organism by the femoral artery, femoral vein, and femoral and sciatic nerves, 


The introduction of 5 tg of acetylcholine in 0.5 ml of physiological saline into the femoral artery of this 
limb distal to a clamp placed on the femoral vessels produced no distinct changes in the respiration and circula- 
tion (Fig, 3a), Removal of the clamp from the vessels was not accompanied by reactions of these systems (Fig. 3b), 
On injection of 5 pg of the substance in 1 ml of physiological saline into the subcutaneous vein at the back of the 
foot after successive clamping of the vein and artery of the limb, hypertension set in and dyspnea appeared 
(Fig. 3c), Restoration of the blood flow in the femoral vessels produced a fall in the arterial pressure and an en- 
hancement of the dyspnea (Fig. 3d), On introduction of 1 ml of physiological saline into the subcutaneous vein 
of the foot with the femoral vessels clamped again, no changes in respiration and circulation were observed (Fig.3e), 
Hence, the reflex effect which occurred in the previous observation was due to the action of the chemical, and 
not the mechanical factor on the receptor, When this dose of the chemical stimulus was introduced into the sub- 
cutaneous vein of the limb, it produced a considerable drop in arterial pressure and an intensification of the res- 
piratory movements (Fig, 3f), The introduction of acetylcholine into the subcutaneous vein in the case where 
only the femoral vein was clamped was not accompanied by any distinct changes in respiration and circulation 
(Fig. 3g). It follows from these results that excitation of the respiratory and vasomotor centers on introduction of 
acetylcholine into the subcutaneous vein of the limb after excluding its vascular system from the general circula- 
tion of the animal cannot be attributed to chemical stimulation of the venous receptors, 


We know that injection of certain chemical stimuli into the femoral vein leads to depression of respiration 
and circulation, while on injection of stimuli into the femoral artery these systems are excited, 


If the difference in the reactions of the respiration and circulation Onintra-arterial and intravenous injection 
of a number of chemical stimuli depends on the stimulation of different vascular receptors, we would expect a 
rise in arterial pressure and dyspnea when chemical stimuli are delivered to the limb receptors by “direct” per- 
fusion, When chemical stimuli are delivered to the limb receptors by "reverse" perfusion, there would be a dif- 
ferent effect, ie., a fall of arterial pressure and a depression of respiration, 


However, in response to the introduction of chemical stimuli into the flow of perfusion solution entering 
the limb vessels through the arterial and venous bed, we noted the same reflex reactions of hyperpnea and 
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hypertension, The same reflex effect arose in spite of the fact that with “direct" perfusion the chemical stimu- 
lus acted first on the arterial system of the organ, while with “reverse” perfusion it acted first on the venous sys- 


tem. 


A fact worth noting is that, with equal volume rates of flow of Ringer-Locke solution through the limb ves- 
sels in both kinds of perfusion, the latent period of the reflex reactions when the chemical stimulus acted on the 
receptors through the arterial bed was shorter than with action through the venous bed, 


In view of the above, we infer that, in the vascular bed of organs, there are no special arterial or venous 
receptors, the chemical stimulation of which would be accompanied by opposite kinds of effects on the respira- 


tion and circulation, 


The absence of reflex changes of the respiratory and cardiovascular systems following the action of a chem- 
ical stimulus on the limb arteries and veins and the direct relationship between the latent period of the respira- 
tion and circulation reactions and the length of the path of the substance through the veins of the greater circula- 
tion indicate that the receptors of the main vessels are not included among the receptors which, on chemical 
stimulation byintra-arterial or intravenous injection of pharmacological agents, lead to stimulation of the respira- 


tory and vasomotor centers, 


The receptors which are chemically stimulated by intravascular injection of chemical stimuli, and thus 
give rise to reflex effects, are obviously located outside the intimae of the large vessels of the organ, Since the 
sectional area of the venous vessels is greater than the sectional area of the arterial vessels, the chemical stimuli 
on “direct® flow of the perfusion liquid reach the reflexogenic zone of the organ earlier than in the case of “re- 


verse” flow of the liquid, 


We can postulate that the reflexogenic zone, which excited the reflex effects when the chemical stimuli 
are introduced into the blood stream, consists of the receptors of the capillaries and tissues, 


When 5yg of acetylcholine in 1 ml of physiological saline was introduced into the subcutaneous vein at the 
back of the foot after clamping of the femoral vein, some of the chemical stimulus obviously passed back into 
the capillary and arterial system of the limb, The venous receptors and capillary receptors were subjected to 
the chemical action, but no reflex effect on respiration and circulation was noted, After clamping of the femoral 
vein and femoral artery, the introduction of the chemical stimulus into the subcutaneous vein of the limb was ac- 


companied by hypertension and dyspnea, 


When the clamp was placed on the two femoral vessels, the appearance of the reflex reactions of respira- 
tion and circulation following injection of acetylcholine into the subcutaneous vein of the limb was associated 
with an increase of pressure in the organ vessels, owing to the successive closing of the femoral vessels and the 
introduction of a certain volume of the solution into the closed vascular bed. The pressure in the capillaries was 
greater than in natural conditions of blood supply to the limb, and the chemical stimulus passed into the tissue 
in a dose sufficient to cause stimulation of the tissue receptors, 


On intra-arterial injection of pharmacological agents, various receptor endings are probably stimulated, but 
stimulation of respiration and circulation is due mainly to stimulation of the tissue receptors, 


In the case of intravenous injection of chemical stimuli, the reflexogenic zone which, under chemical 
stimulation causes depression of the respiratory and motor centers, is the lesser circulation, 


SUMMARY 


In experiments staged on cats, the author made use of the method of perfusion of the hind limb, In intra- 
vascular injection of chemical irritants, the vascular receptors play no essential role in the mechanism of respira- 
tory and circulatory reflex reactions, A difference of reactions of respiration and circulation, observed in intra 

arterial and intravenous injection of certain chemical irritants, is called forth by irritation of receptors of various 
organs which are the source of counter-reflex influences on the respiration and circulation, Upon intra-arterial in- 
jection, excitation takes place in the receptors of the organ into the artery of which the chemical irritant was 

introduced, attended by stimulation of the respiratory and vasomotor centers, Intravenous injection of chemical 
irritants excites the receptors of organs of the lesser circulation, bringing about reflex inhibition of these centers, 
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ELEC TROPHYSIOLOGICAL RECORDING OF MOTOR ACTIVITY 
OF DUODENUM UNDER ACTION OF FOOD STIMULI OF DIFFERENT NATURE 


A. P. Mukhina 
a Laboratory of Physiology and Pathology of Digestion (Head — Professor S, I, Filippovich), 
4g of the Institute of Normal and Pathological Physiology (Director — 
a Active Member AMN SSSR V. V. Parin) AMN SSSR, Moscow 
 & (Presented by Academician V. N. Chernigovskii) 
Translated from Byulleten’ Eksperimental noi Biologii i Meditsiny, Vol. 51, 
a No, 1, pp. 23-26, January, 1961 
a Original article submitted September 5, 1959 
q In a previous paper [4], we described a new electrophysiological method of studying the rhythmic activity 
Y of the duodenum in the empty state and during digestion, 
: g In the present work, this method was used for a study of the nature of the motor activity of this part of the 
4 gastrointestinal tract when food stimuli of different nature were used, This question has not been adequately 
4 clarified in the literature, The x-ray method, widely employed with different food stimuli for the investigation 
7 of the motor activity of the duodenum, has provided a means of determining mainly the evacuatory function 
a (5,7,8]. 
Pe Visual observations of the movements of the duodenum during digestion have been made on a loop of the 
q gut brought out under the skin [1,2], 
7 A graphic characteriscic of this activity has been obtained by registration with a balloon-type kymograph 
q [3]. However, these investigations did not give a detailed picture of the motor activity of the small intestine 
e during the whole digestive period after the introduction of food stimuli of different nature, 
L Our aim was to obtain a full and detailed characterization of the movements of the duodenum when vari- 
: 3 ous food stimuli were used, 
Experimental Methods and Results 
4 For recording the motor activity, we used an electrode implanted in the duodenal wall [4], The biocur- - 
. rents were recorded by means of an EGS-1 apparatus with unipolar tapping of the biocurrents, 
4 
4 This paper contains the information obtained from experiments on five dogs in which the motor function 
q of the duodenum was recorded electrographically after the animals had been fed with food stimuli of different 
4 nature — finely shredded meat (200 g), bread (200 g), and milk (200 ml), In every case, these stimuli were given 
. in the “rest™ period, 12-15 min after termination of the “work” period, Dogs with empty stomachs, 18-20 hr 
q after being fed, were taken for the experiments, 


In the investigations with these food stimuli, we observed changes in the amplitude of the electrical activ- 
ity during digestion, and these changes are shown in the electroenterograms (Figs, 1a,b,c). 


A comparison of the electroenterograms shows that the frequency of the electrical oscillations was constant 
for all three foods; on the average, it corresponded to a rhythm of peristaltic activity at a rate of 5-6 oscillations 
per minute, and pendular oscillations at a rate of 12-15 per minute, The variation of the amplitudes of the 
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Fig. 1, Electrograms of motor activity of duodenum during digestion, The food stimuli: 
a) 200 g bread; b) 200 g meat; c) 200 ml milk were given in the 10th min of the “rest” 
period, At end of trace) calibration (5 mv); bottom line) 1-min time marks, Series of 
experiments on dog Tsezar (December, 1956), A1) 200 g bread fed; B1) 200 g meat fed; 
C1) 200 ml milk fed, 
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Hour 
Fig. 2, Dynamics of changes of electrical activity of duodenum motor, summed 
over 15-min intervals in the “work" period, in the “rest” period (indications for 
first 3 br), and after feeding with food stimuli of different nature in subsequent hours, 
The columns underneath denote the sum total values of the amplitudes of electrical 
activity for the digestion period for the stimuli of different kind. 


individual contractions seemed to imitate the variable rhyt»m, Moreover, the outward picture of the changes in 
electrical activity was of an inconstant nature owing to the nonperiodic appearance of slow, large-amplitude 
oscillations of the tonic type; these oscillations are typical of the motor activity of the intestinal wall in physio- 
logical hunger, and of the onset of peristaltic contractions on which rhythmic pendular contractions are superim- 
posed, Thus, during digestion, there is no definite, strict alternation of the basic types of motion of the duodenum, 


Most affected by the qualitative composition of the food were the strength and depth of the peristaltic and 
pendular contractions; the amplitude of the electrical oscillations varied accordingly. The absolute values of 
the amplitudes of the electrical oscillations attained the order of millivolts, The mean absolute values of the 
amplitudes of the electrical oscillations in this series of experiments after the dogs had been fed on 200 g of 
bread, varied from 0.3 to 1,3 mv, and the values of the amplitudes corresponding to the pendular motions lay be- 
tween 0.1 and 0,6 mv, When the animals were fed with meat, the mean absolute values of the amplitudes of 
the electrical oscillations corresponding to the peristaltic activity varied from 0,3 to 1,1 mv, and those correspond- 
ing to the pendular motions varied from 0,1 to 0,5 mv. 


In the case of feeding with milk, the mean absolute values of the amplitudes of the electrical oscillations 
corresponding to the peristaltic activity varied from 0.3 to 0.8 mv, and those corresponding to the pendular mo- 
tions from 0,1 to 0.4 mv. 


On all the electroenterograms, irrespective of the food stimuli employed, we can distinctly see the incon- 
stancy of the amplitudes of the electrical oscillations and, hence, of the strength of the rhythmic contractions of 
the duodenum, The alternation of the groups of large-amplitude oscillations, corresponding to the peristaltic 

and pendular contractions, was also variable in time. On the whole, however, the electrical activity of the rhyth- 
mic contractions of the duodenum during digestion was greater than in the period of relative “rest,” and less than 
in the "work" period in conditions of physiological hunger, 


A clearer idea of the changes in the electrical activity of the rhythmic contractions of the duodenum is 
given by Fig. 2. Fifteen-minute time intervals are plotted on the x axis, and the sums of the amplitudes of the 
electrical oscillations recorded in these 15-min intervals are plotted on the y axis, Figure 2 illustrates the changes 
in the electrical activity of the rhythmical contractions of the duodenum in the “work" period and in the period 
of relative “rest,” 


As Fig. 2 shows, the electrical activity in the “work" period is almost ten times greater than that in the 
"rest" period, Figure 2 also shows diagrams (designated by columns) of the changes of electrical activity during 
digestion, summed for the food stimuli of different nature, 
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We see that the mean values of the total electrical activity for bread and meat hardly differ at all from 
one another, whereas, for milk, this value is a little lower, 


Thus, the electrical activity of the duodenal walls with the different food stimuli which we used did not 
reveal any appreciable differences, thus differing from the results recorded earlier by M, A. Sobakin in similar 
experiments on electrogastrography [6]. This result is possibly due to the fact that the food arrives in the duo- 
denum after its mechanical treatment, i.e., as chyme; the food passes from the stomach to the intestine in ap- 
proximately equal batches, Hence, their action on the mechanoceptors of the duodenum will be more or less 
constant, Along with the diagrams on Fig. 2, we show a full graphic characterization of the course of the changes 
in the electrical activity of the duodenum during 15-min periods in the process of digestion, In contrast to physi- 
ological hunger, the rhythmic activity of the duodenum during digestion is of a more or less uniform nature, with 
no clearly expressed "rest" and "work" periods, 


The conducted investigations have shown that when food stimuli of different nature are used, the frequency 
of the rhythm of electrical oscillations does not vary, and for pendular movements is equal to 12-15 oscillations 
per minute, and for peristaltic movements it is equal to 5-6 contractions per minute, The amplitudes of the 
electrical oscillations during digestion are variable; however, the sum total of the amplitudes of the electrical 
activity during the period of digestion for the stimuli which we used (bread, meat, milk) did not vary much, 


SUMMARY 


The author presents experimental material obtained on five chronically operated dogs, A method of bio- 
current registration from the electrodes implanted into the duodenal wall was used, The general characteristics 
of the duodenal motor function was thus obtained during the whole period of digestion of various foods, such as 
finely cut meat (200 g), bread (200 g), and milk (200 ml), 


The greatest influence, exercised by the qualitative composition of food, was produced upon the strength 
of the peristaltic and pendulumlike contractions; the amplitude of electric oscillations altered correspondingly, 


The change of the groups (with enlarged amplitude) corresponding to the peristaltic and pendulumlike mo- 
tions, is inconstant and independent of the food stimuli used, With the mentioned irritants, the sum-total value 
of the electrical activity amplitudes changes but slightly during digestion, The frequency of the electric oscilla- 
tions rhythm remained unchanged under the effect of the stimuli used, and equalled 12-15 oscillations per minute 
for the pendulumlike motion, and 5-6 contractions per minute for peristalsis, 
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SOME PECULIARITIES OF THE HIGHER NERVOUS ACTIVITY 
IN ADULT ANIMALS SUBJECTED ANTENATALLY 


Il, THE STATE OF THE HIGHER NERVOUS ACTIVITY IN ADULT WHITE RATS EXPOSED TO 
X-RAYS AT THE PREIMPLANTATION STAGE OF EMBRYONAL DEVELOPMENT 


PATHOLOGICAL PHYSIOLOGY AND GENERAL PATHOLOGY 


TO THE ACTION OF IONIZING RADIATION 


I. A. Piontkovskii, M. B. Gol*dberg, and V. E. Miklashevskii 


Institute of Higher Nervous Activity, Academy of Sciences of the USSR, Moscow 
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In earlier reports [4,5], we described changes in the conditioned reflex activity of adult rats subjected to 


the action of ionizing radiation at various stages of the embryonal development: in the period of organogenesis 
(12th day), and in the fetal period (18th day), Far-reaching structural and functional disorders in the brain could 


be observed, 


In the present paper, we report findings concerning the state of the higher nervous activity in adult white 


rats exposed to x-rays at an earlier stage: the preimplantation period, i.e., on the 5th day of embryonal develop- 


ment, 
Methods 


In female white rats, the day of mating was established by the detection of sperma in vaginal smears, On 
the 5th day of pregnancy, the animals were exposed in a single instance to total body radiation with x-rays in a 
dose of 200 r at a capacity of 20 r/ min produced by a RUM-3 apparatus, (Potential in the tube 190 kv; current 
strength: 15 ma; filters 0.5 mm Cu and 1 mm Al; focus distance 40 cm), 


Judging by the animals‘ general condition and by hematological findings, a mild form of radiation sick- 
ness developed in the females exposed to radiation, 


The higher nervous activity was studied on 24 male rats born of irradiated females (experimental group) 
and on 16 male rats born of females not exposed to radiation (control group), The investigations were carried 
out by means of the alimentary motor method of L, I, Kotlyarevskii after the animals had reached the age of 
45-50 days, 


A sound of 400 cps (T-400) and red light served as positive signals; a sound of 800 cps (T-800) served as a 
differential signal. 


The conditioned stimulus was continued for 10 sec (for 5 sec the stimulus was used alone, and for the next 
5 sec in combination with the unconditioned alimentary reinforcement), 


The conditioned reflex activity was assessed on the basis of findings obtained at three stages of investiga- 
tion: 1) during the elaboration and consolidation of the conditioned reflex; 2) during the time work on the 
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TABLE i 
- Speed of Development and Consolidation of the Positive Conditioned Reflex in Response 


to Sound (sound of 400 cps) and to Red Light, and of the Negative Conditioned Reflex in 
Response to Sound (sound of 800 cps) 


Experimental Control 
Type of reflex (Average) number of combinations required: 
for elabora- | for consolida-| for elabora- or consolida- 


tion of tion of tion of tion of 
conditioned | conditioned | conditioned | conditioned 
reflex reflex reflex reflex 
Positive conditioned 
reflex response to 
: sound of 400 cps 5 + 0.75 29 + 50° 5+ 0.82 17+ 3.0 
wae Same in response to 
=a light 3.25 + 0,4 124 2.45 | 2.54 0.38 10 + 2,0 
Negative conditioned 
reflex response to 
sound of 800 cps 5.3 + 0,57 33,54 2.98 | 4.54 0.85 34,0 + 3,05 


* The difference was statistically significant (P = 0,05), 


animals was in progress according to a stereotype; and 3) during the analysis of the basic nervous processes by 
means of functional tests. 


At the first stage of investigation, the speed with which the conditioned reflexes were elaborated and con- 
solidated, and the duration of the latent period, as well as the frequency and strength of the response, were as- 
sessed, The last three indices — applied to the differential signal — were used to establish the degree of disorders 
caused in the negative conditioned reflex, 


During the work with a stereotype consisting of nine steps, the latent period, the frequency with which a 
response to the positive signal could be elicited, and the strength of the response were analyzed, 


At the third stage, the results of six functional tests were compared: 1) positive induction (application of 
the positive auditory signal 10-15 sec after the cessation of the negative signal), 2) Prolongation of differentia- 
tion (application of the conditioned inhibitory stimulus for a prolonged period up to 120 sec), 3) External inhibi- 
tion (simultaneous application of an auditory extra stimulus, and the second positive sound in the stereotype), 

4) The caffeine test (administration of caffeine 15-20 min before the beginning of the next experiment), 5) Ex- 

tinction and reactivation (application of the positive sound signal without subsequent reinforcement until a series 
of five negative responses was obtained, and then resumption of reinforcement until five positive responses could 

be elicited), 6) Manifestations of successive inhibition (comparison of conditioned reactions preceding or follow- 
ing the inhibitory signal in 10 different stereotypes), All findings were evaluated statistically, 


Results of the Experiments 


In one of the irradiated rats, the pregnancy was interrupted, Exposure to radiation caused a statistically sig- 
nificant(P = 0,01) decrease in the number of ratlings constituting a litter: the average number of newborn rats 
was five and a half in the experimental group, compared to eight in the control group, Animals born of females 
exposed to radiation showed no visible somatic malformation, but a decrease in their viability could be observed: 
18 out of 149 ratlings (12%) perished in the first week after birth; in the control group, 11 out of 237, i.e., 4.7%, 
perished in the first week of life. The weight of the newborn rats was the same in both the experimental and the 
control group, Analysis of the peripheral blood picture carried out between the 1st and the 50th day of life showed 
no differences between the experimental and the control animals, 


The speed at which positive conditioned reflexes in response to separate stimuli developed was almost 
identical in the experimental and the control rats, but there was a statistically significant difference in the 
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TABLE 2 


Latent Periods, Strength, and Frequency of Appearance of Positive and Negative Conditioned Reflex Responses in 
the Experimental and in the Control Group After Application of Different Stimuli 


Experimental Control 


Positive condi- 

tioned reflex 

response to 

sound of 400cps} 2.254 0.5 | 73,54 3,75 69 + 3,0 1.54 0.25 | 71.54 2,35 76.5 + 4.0 
Same in response 

to light 1.85 + 0,27 68 + 5,15 824 3,15 1.54 0,23 71+ 8,0 86.54 3.3 
Negative condi- 

tioned reflex 

response to 

sound of 800cps | 3,854 0,47 68 + 6,1 73.5 + 4,75 4.3 + 0.4 


TABLE 3 


Conditioned Reflexes in a Stereotype Pattern 

Type of reflex | latent period | strength of | frequency (%)} latent period | strength of | frequency (%) 
conditioned conditioned 
response response 


Positive condi- 

tioned reflex 

response to 

sound of 400 cps 1.54 0,15 614 5,45 974 1.35 | 1.454 0.26 | 62,54 8,3 96,54 2,1 

Same inresponse 

to light 1.9 + 0,23 524 6,2 92.54 2.4 1.95 + 0,37 524 8.6 944 3.5 

Negative condi- 

tioned reflex 

response to 

sound of 800cps | 3,154 0.5% | 524 9,2 Disorders 414 11.75 Disorders 
179 6.1% 514 68% 


* The difference was statistically significant (P = 0,02-0,01), 


consolidation of the response to a powerful auditory stimulus (sound of 400 cps), In the control group, an average 
of 17 combinations was required, against an average of 29 combinations in the experimental group, As far as 
consolidation of the response elicited by weak positive visual stimuli is concerned, no statistically significant 
difference between the experimental and the control animals could be observed, 


The negative conditioned reflex appeared and became consolidated practically simultaneously in both the 
experimental and the control animals (Table 1), 


Investigation of the latent period and of the frequency and strength of the response revealed that the latent 
period following application of the positive sound signal in the control group lasted 1,5 sec, and in the experi- 
mental group 2,25 sec; a positive response appeared in 76,5 and 69% of instances, respectively, The latent period 
of the conditioned response to the visual signal lasted in the control group 1.5 sec, and in the experimental group 
1,85 sec; the strength of the response reached 71 and 68%, and the frequency 86,5 and 82%, respectively (Table 2), 


Statistical analysis, however, revealed that none of these differences reached the required degree of statisti- 
cal significance, 


‘ 

4 

Type of reflex — strength requency (%)] latent period requency (% 

4 
a 
4 

ya 

3 

7 5 


Studies of the animals* conditioned reflex activity according to a stereotype revealed no statistically sig- 
nificant difference between the indices characterizing the conditioned response to both positive signals between 
the experimental and the control group, respectively (Table 3), That is, the latent period to a sound of 400 cps 
in the control and the experimental groups was 1,45 and 1.5 sec, and the latent period of the response to light 
was 1,95 and 1,9 sec, respectively, The total strength of artificial and natural conditioned reflexes elicited by 
a strong positive signal reached 62,5 in the control group and 61 in the experimental group, etc, 


As far as the quantitative features of the negative conditioned response are concerned, the antenatally ir- 
radiated group produced lower absolute values than the control group; statistical analysis, however, reveaied that 
only the difference in the latent period and in the percentage of disorders was statistically significant, 


The relative strength of the conditioned response to strong and weak positive stimuli (intensity relations) 
proved to be equally adequate in both groups. 


As far as the results of the functional tests are concerned, the differences between the experimental and 
the control group were more or less limited to the absolute values of individual indices, e.g., in the test based on 
the prolongation of the differentiation, disinhibition occurs in the control rats within 46,5 sec, and in the experi- 
mental rats within 25 sec, The maximum period of endurance lasted 71 and 57 sec, respectively, In the extinc- 
tion test, one zero response appeared in the control group after the 8th combination, and in the experimental 
group after the 11th combination; three zero responses appeared after the 12,5th and 20th combination, respective- 
ly; a series of five consecutive zero responses could be achieved after the 15th and 23rd combination, respectively, 


The differences between the results of tests based on prolongation fell short of the levels required for the 
purpose of statistical significance, and the differences between the results of the extinction tests reached only the 
lower borderline of statistical significance (P = 0,05), There was a general tendency in the control group to pro- 
duce more adequate proportions in the results of individual tests, e.g., after administration of caffeine the ade- 
quacy of the relative strength attained by the response to stimuli of different intensity improved by 11.5% in the 
control group and only by 1% in antenatally irradiated animals, The increase in the degree of disinhibition ap- 
pearing in the response to the differential signal in the two groups reached — compared to the original level — 

40 and 8%, respectively, 


Estimation of the degree to which phenomena of successive inhibition became manifest in the group of 
antenatally irradiated animals revealed that the latent period was prolonged, and that the positive stimulus, ap- 
plied after the differential stimulus, produced a weaker response (strength decreased by 40 and 20%, respectively), 
In the group of control rats, the reverse could be observed: the latency period became somewhat shorter, and 
the strength of the response increased (by 15 and 8%, respectively), 


In tests based on the phenomenon of positive induction, the latent period of the conditioned reflexes was 
found to be prolonged compared to the original values, In the group of experimental rats, this prolongation 
reached 1,75 sec (3,2 sec compared to 1,45 sec), i,e.,120%, and exceeded to a considerable degree the prolonga- 
tion observed in the control group: 0,7 sec (2,75 compared to 2,05 sec), i.e., 34%, Statistical evaluation of the 
above findings, however, revealed that the difference between the group indices of the control animals and the 
antenatally irradiated animals was within the limits of incidental variation, 


At the age of one year, the brain of the experimental animals had the same gross appearance, and was of 
the same weight as the brain of the control animals, Our findings show that, with regard to some features char- 
acterizing the stimulatory and inhibitory process, animals antenatally exposed to radiation are inferior to control 
animals, The difference seems, however, to be insignificant, 


The above findings warrant the assumption that disorders of the higher nervous activity in adult life are a 
probable, but not an inevitable consequence of exposure to radiation on the 5th day of embryonal development, 
contrary to what could be observed in animals exposed to radiation on the 12th or 18th day of embryonal develop- 
ment [4,5]. 


The functional changes found by us in some of the higher parts of the central nervous system are apparently 
due to humoral changes in the medium in which the embryo develops — changes caused by the altered condition 
of the mother animal suffering from radiation sickness, It has been shown in a number of papers that such a 
"mediated" mechanism of radiation damage is fully possible [1,2,3]. 
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SUMMARY 


Female albino rats were subjected to a single total x-ray irradiation in the dose of 200 r on the 5th day of 
pregnancy, The higher nervous activity of the progeny of these rats was studied in 45-50 day-old rats, The 
materials obtained demonstrate that the excitation and inhibitory processes in the animals, irradiated at the early 
stage of embryonic development, were retarded (according to some characteristics) in comparison with those in 
control, nonirradiated, rats; however, this retardation was immaterial, especially as compared to that occurring 
in the animals irradiated on the 12th to L8th day of antenatal development, Insignificant functional deviations 
in the higher portions of the central nervous system probably depend upon the humoral factors (at the expense of 
the changes in the maternal organism resulting from radiation sickness), 
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Our previous investigations [3,4,5] on rats, rabbits, and cats demonstrated substantial change in nucleic 
acid content attending acute radiation sickness induced by the action of x-rays, We observed that the character 
and degree of the change in the nucleic acid content differed considerably in the different organs of the irradiated 
animals, The data we obtained tallied with the observations of other researchers [2,6,7,9,10,11,12]. 


We then decided to trace the nucleic acid changes in more highly organized animals — monkeys — and to 
compare them with the results obtained with the other animals, We found no information concerning change ef- 
fected by irradiation in the nucleic acid content of monkeys in the literature available to us, 


Experimental Methods 


We had at our disposal material from seven monkeys (Macaca rhesus), five of which had undergone total 
irradiation by x-rays in a dose of 700 r,* and two of which served as the control, The animals were sacrificed at 
the end of the latent period (third day), and at the height of the radiation sickness (sixth and eighth days after ir- 
radiation), 


A typical picture of acute radiation sickness with the characteristic peripheral blood changes was observed 
in all the irradiated animals, According to A. S, Petrova's data [8], a decrease in the number of leukocytes and 
lymphocytes occurs in experimental monkeys under these conditions on the third day, later followed, on the sixth 
to eighth day, by a progressive decrease in the number of all the formal blood elements, and by qualitative 
changes of the latter (hypersegmentation of neutrophil nuclei, thrombocyte pyknosis, etc.). 


The nucleic acid content was determined in the lymph nodes, duodenum, pancreas, liver, spinal cord, and 
brain, Pieces of the experimental organs were fixed in Carnoy's solution and embedded in paraffin, The DNA 
content was determined by Feulgen's test, RNA, by Brachet's method, The general picture of change in the ir- 
radiated tissues was examined after staining with hematoxylin-eosin, The brain and spinal cord sections were 
stained by Nissl"s method, 


Experimental Results 
The investigations showed that substantial disturbances in the nucleic acid content of the experimental 

organs occurred in the monkeys under conditions of acute radiation sickness, as well as structural changes demon- 

strated by the usual histological methods, 


* Conditions of irradiation: two-tube apparatus, voltage 180 kw; current force 15 ma; dose power 21,8 r/ min; 
filter, 0.5 mm Cu, The experiments were performed at the Institute of Experimental Pathology and Therapy's 
base in Sukhumi. 
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4 Fig. 1. Decrease in the RNA content of the protoplasm and 


increase of RNA content in the nucleoli of the mucous mem- 
a brane of a monkey's duodenum: a) control; b) 6 days after 
q irradiation, Stained with methyl-green pyronine, Magnifica- 
tion: ocular, 10 X; objective, 40 x. 


q On the third and sixth days, we observed a considerable decrease in the amount of lymphoid elements in 
a the lymph nodes, which caused the tissue to acquire a homogeneous structure made up largely of reticular cells, 
3 The secondary nodes had become smaller and were difficult to detect, Bits of destroyed lymphocytes could be 
seen here and there. 


- Along with the picture showing the almost total lack of lymphoid elements in the node, we observed a de- 
finite decrease in the DNA and RNA content of the remaining undestroyed lymphocytes, A small amount of the 
nucleic acids was found in the reticular cells; the degree to which these cells stained with pyronine and sulfurous 
acid fuchsin was essentially the same as in the case of the analogous formations in the control preparations, The 


- few fragments of destroyed lymphocytes observed at this time stained intensively; our previous investigations on 
4 other animals showed that these fragments are present in large numbers during the first few hours after irradiation, ee 
a The changes observed on the eighth day after irradiation were of a similar nature, ips 


On the third, sixth, and eighth days, we observed slight structural changes in the duodenum, consisting of 
compression of the epithelium of the villi and crypts, and swollen and irregularly shaped nuclei, The nucleoli 


a were greatly enlarged, The changes in the nucleic acid content of the epithelium of the crypts and villi were > 
4 analogous to the changes observed in the lymph nodes, Besides the decrease in the nucleic acid content of the i 
4 cell protoplasm, however, we observed a large nucleic acid content in the nucleoli (Figs. 1a, b), oe 
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Fig. 2, Decrease in the DNA content of hepatic cell nuclei: a) 
control; b) 8 days after irradiation, Feulgen's reaction, Magni- 
fication: ocular, 10 X; objective, 40 xX, 


In the liver and pancreas, we observed at these stages of the sickness a decrease in the DNA content and 
an increase in the RNA content, These changes were especially marked in the liver where, on the sixth and 
eighth days, it was barely possible to detect DNA in the cell nuclei by means of the method employed (Figs, 2a,b), 


The change in the nucleic acids of the nerve cells of the spinal cord and brain chiefly concerned the RNA 
content, 


During the experimental period, a large number of pyramidal cells intensely stained by pyronine were found 
in the cerebral cortex, These cells were usually wrinkled and irregularly shaped, A small number of these cells, 
intensely stained by pyronine, were also found in the control preparations, but the number found in the irradiated 
animals was much greater. In this case, the intense stain of the cells observed under conditions of irradiation 
could be due to disturbance of the chemical nature of RNA, rather than to an increase in the content of this com- 
pound, 


We observed a decrease in the RNA content of the nerve cells in the anterior cornua of the spinal cord, The 
protoplasm of most of the cells contained rather small lumps, weakly stained by pyronine; in the control prepara- 
tions, these lumps were large and intensely stained and analogous in shape, size, and distribution to the tigroid 
substance demonstrated by Nissl's method (Figs, 3a,b), The protoplasm of some cells was totally devoid of lumps, 
and homogeneous in structure, Although the protoplasm of these cells contained only a tiny amount of RNA, a 
large quantity of this compound was found in the enlarged nucleoli, 


Under conditions of irradiation, the decreased RNA content of the cell protoplasm attended by a simultane- 
ous increase in the RNA content of the nucleoli was observed in other organs also, particularly in the duodenum, 
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Fig. 3, Decrease in the RNA content of the protoplasm, and 
increase in its content in the nucleoli of the spinal cord nerve 
cells; a) control; b) 6 days after irradiation, Stained with 
methyl-green pyronine, Magnification: ocular, 10 X; ob- 
jective, 90 x, 


Moreover, we observed similar phenomena in our previous investigations conducted on other animals (rats, cats), 


In the light of the available literature data [1] describing analogous change in the nucleic acid content 
under conditions of protein deficiency, this phenomenon would seem to be due to disturbances in the protein 
metabolism, In our opinion, the increased RNA content of the cell nucleoli of the irradiated animals could be 
explained as compensation for the considerable decrease in the content of this acid in the protoplasm, intended 
to sustain the vital activity of the cells, 


In the nuclei of the nerve cells of the spinal cord and brain, no substantial changes of any kind were ob- 
served in the DNA content at the experimental intervals after irradiation, 


When the results obtained from studying the nucleic acid content in the organs of irradiated monkeys were 
compared with the data from the investigations previously conducted on other animals (rats, rabbits, cats), the 
picture of these changes was found to be basically the same in the different animals, In the monkeys, as in the 
other animals studied, the disturbances observed in the nucleic acid content of the experimental organs were not 
all of the same type, but differed in nature and degree of expression, which seems to be due to peculiarities of 
metabolism, 


A few differences were noted, however, 
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The changes in the content of nucleic acids observed under conditions of irradiation were more pronounced 
in the monkeys than in the rats, rabbits, and cats, We also noted some difference in the degree of these changes 
in the different organs of the irradiated animals, In the monkeys, the changes in nucleic acid content were most 
pronounced in the ‘iver, lymph nodes, and duodenal mucous membrane, while the most outstanding disturbances 
noted in the rats, rabbits, and cats occurred in the lymph nodes and duodenal mucous membrane; the changes in 
the liver were less pronounced in the latter three animals, 


These investigations have covered only certain periods in radiation sickness, Because of the similarity of 
the results obtained in the experiments on monkeys with those obtained with the other animals, however, it seems 
possible to assume that the character of the changes in acute radiation sickness is identical, The slight differences 
remarked in the monkeys do not alter the general picture of similarity of disturbances in irradiated animals, 


On the basis of the results obtained, we propose that the nature and degree of the changes in nucleic acid 
content which occur under conditions of irradiation are not determined by the type of animal, The character of 
the radiation injury evidently plays an essential role in these changes, 


SUMMARY 


The nucleic acid content was studied in various organs of Macaca rhesus monkeys subjected to x-ray irradia- 
tion (700 r), Changes in the nucleic acid concentration were similar to analogous disturbances in other animals, 
examined previously (rats, rabbits, and cats), The character and the extent of these changes differed in various 


organs, 


The results obtained lead to a suggestion that the changes in the nucleic acid content occurring during 
acute radiation sickness follow the same pattern in different species of animals. 
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The liver preparation antianemin (cobalt-containing liver extract) is now widely used in the clinical treat- 
ment of hematologic diseases, The research of several authors [1,5] has established that it possesses a high hemo- 
poietic activity and has a good therapeutic effect in pernicious anemia and many other anemias, 


Nevertheless, the various aspects of antianemin's effect on the hemopoietic organs are still far from suffi- 
ciently understood, The existing theories on this question are often abstract in nature and unsupported by experi- 
mental data, 


In this connection, we decided to study one of the aspects of antianemin's action on the organs of the blood 
system — specifically, to ascertain the part played by the reflex component in the processes of intensified hemo- 
poiesis provoked by the administration of this preparation, We decided first to establish the nature of the blood 
system's reaction to its one-time administration, and then to determine the effect of the preparation when used 
in combination with novocain, 


Experimental Methods 
The experiments were performed on three adult male dogs, It was first established, in control experiments, 
that the animals had become accustomed to the conditions of the experiment and to the experimental setup after 
an initial period of 10-15 days, This was proved by the fact that the very procedure of taking blood under the 
experimental conditions did not, in time, cause any regular changes in the composition of the blood, 


In the first series of experiments, the animals were subcutaneously injected in the neck region with anti- 
anemin in a dose of 1-2 ml, and the qualitative and quantitative changes in the various indices of the animals’ 
peripheral blood,were determined, Blood specimens were taken from a small incision in the ear before the ad- 
ministration of the preparation (control), and then 1, 2, 3, 4, and 5 hours after the injection, 


In the second series of experiments, we administered antianemin in combination with novocain, For this 
purpose, we first injected 2 ml of an 0.5% novocain solution by syringe into the neck region, One or two minutes 
later, without removing the needle, we injected antianemin into the same place, using another syringe. Blood 
specimens were taken at the same intervals as in the first series of experiments, 


In both experimental series, we studied the quantitative changes in the leukocytes, erythrocytes, and 
reticulocytes, the percent of hemoglobin and the leukocyte formula by the usual laboratory methods, 


In the first series of experiments, we succeeded in establishing the fact that a single injection of antiane- 
min into the organism of the experimental animals caused a regular reflex reaction of the blood system, 
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TABLE 1 


Change in Leukocyte Formula and Absolute Number of Leukocytes After Administration of Antianemin 
Neutrophils 


Eosinophils poly morpho-| Lymphocytes} Monocytes 
nuclear 


Before injection 15 1470 |2 196 |3 54 5292}/22 | 2156 392 
After injection: 
1 hr 13 1222 |2 188 | 2 188 | 56 5264]24 | 22566 |3 282 
2 hr 14 1610 |2 230 |3 345 | 55 6325 | 21 2415 |5 575 
3 hr 12 1764 |4 588 | 4 588 | 56 8232/21 | 3087 |3 441 
4 hr 14 | 2674 |3 573 | 4 764 | 59 11269}19 | 3629 {1 191 
5 hr 11 2079 |5 945 |6 1134 | 58 10962/18 | 3402 |2 378 
TABLE 2 


Change in Leukocyte Formula and Absolute Number of Leukocytes After Administration of Antianemin and 
Novocain Solution 


Eosinophils | young polymorpho-| Lymphocytes} Monocytes 
nuclear 


I tigation ti 


Before injection 11 as 1 104 |2 20 5928 2704 |3 312 
After injection: 
1 hr 12 | 1368 | 2 228 |3 342 | 57 6498 | 24] 2736 |2 228 
2 hr 13 1183 | 0 - 273 | 60 5460 | 22 2002 |2 182 
3 hr 11 1386 | 2 252 |2 252 | 62 7812 | 22 2772 |1 126 
4 hr 8 840 | 1 105 315 |61 | 6405 | 24 2520 |3 315 
5 hr 9 1008 | 1 112 |3 336 | 60 6720 2800 |2 224 
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sae Fig. 2. Change in number of leukocytes 
Fig. 1. Change in number of leukocytes after administration of antianemin com- 
after antiane min injection, bined with novocain solution, 


Beginning the third hour after the administration of the preparation, we observed marked leukocytosis in the ani- 
mals, and this continued to increase for the next few hours (Fig, 1), In a few cases, the increase in the number 

of leukocytes constituted 7000 or more within five hours, The number of leukocytes returned to the original level 
after 20-25 hours, Qualitative changes in the leukocyte formula attended the quantitative changes described 
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above, These chiefly consisted in an absolute and relative increase in the number of neutrophilic leukocytes; 
there was a marked increase in the content of stab neutrophils and young forms, In several experiments, we also 
observed an increase in the number of eosinophils (Table 1). 


The number of erythrocytes and reticulocytes, and the percent of hemoglobin usually did not undergo any 
sort of regular change. One should mention, however, that repeated administrations of the preparations were at- 
tended by a gradual increase in the level of these ingredients, Keeping this in mind, we directed our attention 
primarily to the white blood changes, 


In the second series of experiments, we studied the effect of preliminary novocainization of the antianemin 
injection place on the same blood indices. 


We did not observe the characteristic changes in the experimental blood indices mentioned above under 
these conditions. In other words, preliminary novocainization eliminated the quantitative and qualitative changes 
in the white blood (Fig. 2), This picture was observed in almost all the experiments of this series (Table 2), 


In order to better understand the data obtained, we performed a few additional experiments in which the 
combination of novocain and antianemin was done as follows, Novocain was injected into the neck region, and 
then antianemin was injected into the thigh of the same animal, Under these conditions, the reaction of the 
blood system was practically identical to the results obtained in the experiments of the first series, 


In another series of control experiments, we tested the effect of antianemin injected into a region infiltrated 
with a physiological solution, For this purpose ,we first injected 2 ml of a physiological solution into the neck re- 
gion, then antianemin into the same place two minutes later, The results of the investigations showed that anti- 
anemin's effect on the hemonoietic processes was totally preserved in this case, 


Analyzing the data obtained, therefore, one can conclude that antianemin possesses a high hemopoietic 
activity, its effect on the function of the hemopoietic organs being manifested after only a single injection into 
the organism, Preliminary novocainization of the antianemin injection place removes the typical picture of the 
blood system reaction, One can assume that novocain, by blocking the peripheral sensory nerve apparatuses, 
sharply disturbs the development of the effect resulting from the injection of antianemin, These data also sug- 
gest that the leukocyte reaction of the blood system is specifically related to the functional condition of the 
nervous system, Similar works carried out by other authors [2,3,4] confirm this conclusion, This, however, does 
not imply that the reaction of the blood system to the administration of antianemin is realized solely through 
nervous mechanisms, Humoral-hormonal factors also seem to play a definite part, Our investigations give reason 
to conclude that the reflex component plays a definite and important role in the mechanism of antianemin's ac- 
tion on the blood system, specifically on the hemopoietic processes, 


SUMMARY 


The aim of the work was to determine the role played by the reflex component in the processes of intensi- 
fied hemopoiesis following administration of antianemin, The study of the blood system reaction to a single ad- 
ministration of the preparation in dogs was followed up by investigation of the effect produced by the same prep- 
aration in combination with novocain solution, It appeared that a pronounced, gradually increasing leukocytosis 
begins to develop three hours after a single dose of antianemin administration, Neutrophilosis is seen with a 
shift to the left, No quantitative or qualitative changes occur, however, in the white blood after preliminary 
novocainization of the antianemin injection site, The data obtained demonstrate that the reflex component plays 
a definite role in the mechanism of antianemin action, 
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Research in antenatal physiology and pathology, and study of the factors promoting fetal implantation and 
the formation of a full-value placenta, have permitted I, A. Arshavskii to prove his theory of the gestation domi- 
nant [1,2,3]. Constant afferent impulsation from the uterine interoceptors, which appears after fertilization of 
the ovicell and its implantation in the uterine mucosa [5], causes a focus of excitation to develop in the relevant 
nerve centers, which regulate the gonadotropic function of the hypophysis and the hormonal function of the corpus 
luteum, The associated inhibition attending the dominant focus of excitation allows one to understand the in- 
crease in the threshold of a pregnant organism in relation to a series of stimuli, especially pathogenic ones [1-4, 
6, 9-14]. Sandweiss, Saltstein, and Farbman [14] cite statistical data on 70,310 women which indicate the ab- 
sence or disappearance of incipient gastric and duodenal ulcer during pregnancy, 


The purpose of this work was to determine experimentally the possibility of gastric ulcer formation in preg- 
nant, as compared with nonpregnant rats, 


Experimental Methods and Results 


Gastric ulcer was induced by a slightly modified version of K, A. Meshcherskaya‘s method [7,8]. In the 
first series of experiments, we first administered 5 mg/100 g caffeine into the gastric cavity on a hungry stomach 
and, 30 minutes later, we introduced arsenous acid administered in a dose of 1 mg/100 g in a 0,1% soda solution, 
In view of the poor solubility of arsenous acid, we added 100 mg sodium bicarbonate to 100 ml of the aqueous 
solution of the acid, We used a larger dose of caffeine in our experiments than specified by K, A. Meshcherskaya, 
because gastric ulcer does not form as easily in females as in males, 


The administration of caffeine and arsenous acid began one or two days after the rats were bred, and con- 
tinued daily for 15-19 days, The rats were then sacrificed and the stomach and uterus opened, 


The first series of experiments were performed on 12 pregnant and 20 nonpregnant rats, A more or less ex- 
pressed ulcerative process was discovered in the antral portion of the stomach of all the control (nonpregnant) 
animals; in six rats, this process was very slightly expressed, consisting of 1-2 small (1-1.5 mm in diameter) 
superficial ulcers; the formation of either a few or many ulcers was observed in four rats, but these ulcers were 
also small and not apparent from the external surface of the stomach; in eight of the rats, the small ulcers had 
begun to coalesce, and the process involved the deeper layers of the gastric wall (see figure, a), In these cases, 
the injury was apparent from the external aspect of the stomach, and adhesions to adjacent organs were often 
noted, In the last two nonpregnant rats in this series of experiments the injury was still greater, ending, in one 
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Gastric mucous membrane of rats after 19-day administration 
of caffeine (5 mg/ 100 g) and arsenous acid (1 mg/100 g): a, 
b) of nonpregnant, control rats; c) of pregnant rat (arrows show 
ulcers in antral portion of stomach), 


case, with perforation of the gastric wall (see figure, b), The rats in which the ulcers had begun to coalesce and 
to involve the deeper layers of the stomach could be distinguished by their outward appearance: they were thin, 
with dirty, yellow fur, The rats had adopted a rather awkward position with extremities extended and back 
humped, so that the abdomen was slightly raised as if to protect itself from irritation. 


In 10 of the 12 pregnant rats observed in the experiments of the first series, no changes of any kind were 
found in the gastric mucous membrane (see figure, c); each of the other two rats had one very small ulcer which 
involved only the surface of the mucosa, and was not apparent from the external aspect of the stomach, 


In the second series of experiments, performed on 13 rats (7 nonpregnant and 6 pregnant), the preparations 
were administered for 15 days, and the caffeine dose was doubled (to 10 mg/ 100 g) seven days after the begin- 
ning of the experiment, while the dose of arsenous acid was increased 1} times, We increased the doses of the 
preparations in order to ascertain whether the higher doses would induce the ulcerative process in the pregnant 
rats, as well as in the nonpregnant ones, 


When the rats* stomachs were opened, we found an acutely pronounced ulcerative process showing coales- 
cence of small ulcers and involvement of the deeper layers of the gastric wall, In spite of the increased dosages 
of the preparations, we only observed a very slight ulcerous lesion in one of the six pregnant rats, When the 
stomachs of the other five were opened, no signs whatever of the ulcerative process could be detected, 


Summing up the material from the two series of experiments, one can conclude that an insignificant super- 
ficial affection of the gastric mucosa with no involvement of the serous membrane occurred in only 16.6% of the 
pregnant rats as a result of the administration of caffeine and arsenous acid, In the two experimental series, the 
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ulcerative process developed in 100% of the nonpregnant control rats, severe lesions with the coalescence of 
small superficial ulcers into large ones, and the involvement in the process of all the gastric layers being ob- 
served in 60% of these animals, Adhesions to the adjacent organs, or perforation of the gastric wall, were ob- 
served in some cases, 


In his time, R. Virkhov explained the resistance of the pregnant organism to infectious diseases by the hy- 
pothesis that a certain immunity to acute infections is intrinsic to pregnant organisms, The data obtained allows 
one to conclude that, during pregnancy, the organism acquires a high resistance to the action of other, nonin- 
fectious pathogenic agents also, Sandweiss and co-authors [14] have attributed the absence of gastric ulcer in 
pregnant women to the action of a special pituitrinlike hormone. However, their attempt to prove the effective- 
ness of antuitrin-S in analogous experiments on dogs was not successful. 


On the basis of the material cited in this article and the conception of the gestation dominant, we believe 
the resistance of the pregnant organism to factors inducing an ulcerative process to be due to inhibition of the 
relevant nerve centers from the dominant focus of excitation, which is formed during pregnancy in the central 
nervous system, 


SUMMARY 


Caffeine and arsenous acid were administered per os to pregnant and nonpregnant rats for a period of 15 
to 19 days to induce gastric ulcer, The ulcerative process developed in 100% of the control, nonpregnant female 
rats; severe lesions with coalescence of small superficial ulcers into large, and involvement of all the gastric 
layers in the process, were observed in 60% of the animals, In some cases, adhesions to the adjacent organs, or 
perforation of the stomach wall were noted, An insignificant superficial affection of the gastric mucosa, with 
no lesions of the serous membrane, was noted only in 16.6% of the pregnant rats, 


The above material leads to a conclusion that the gestation dominant formed during pregnancy depresses 
the development of the gastric ulcerative process by producing inhibition in the relevant nervous centers, 


LITERATURE CITED 


I, A. Arshavskii, Abstracts of the Proceedings at the Eighth All-Union Congress of Physiologists, Biochemists, 
and Pharmacologists [in Russian] (Moscow, 1955) p, 43, 

I, A. Arshavskii, Transactions of the Institute of Biology and the Biological Faculty of Khar*kov University 
fin Russian] (1957), Vol. 24, 

I, A. Arshavskii, Collection Dedicated to M, S. Malinovskii: Modern Questions of Obstetrics and Gynecology 
{in Russian] p. 320. 

L. S. Galeeva, Abstracts of the Proceedings at the Tenth Scientific Session of the Institute of Obstetrics and 
Gynecology [in Russian] (Leningrad, 1958) p, 29. 

N. L, Garmashova, Collection: Reflex Reactions in the Physiology and Pathology of the Female Organism 
{in Russian] (Leningrad, 1952) p. 5, 

I, A. Kornenko, Abstracts of the Proceedings at the Conference of Young Scientists of the Institute of Normal 
and Pathologic Physiology [in Russian] (Moscow, 1956) p, 20. 

K. A. Meshcherskaya, Farmakol, i Toksikol, 16, 5, 41 (1953), 

K. A. Meshcherskaya, Farmakol, i Toksikol, 17, 5, 26 (1954), 

L, A. Pronin, Collection: Questions of General and Age Physiology and Pathology [in Russian] (Moscow, 1959) 
p. 187, 

V. D. Rozanova, Collection: Abstracts of the Scientific Works of the Joint Scientific Session of the 
Sverdlovsk Institute for Scientific Research in Maternity and Child Protection, and the Moscow Institute of 
Obstetrics and Gynecology [in Russian] (Sverdlovsk, 1958), 

V. D. Rozanova, Abstracts of the Proceedings at the Tenth Scientific Session of the Institute of Obstetrics 
and Gynecology [in Russian] (Leningrad, 1958) p, 112, 

A. K, Sangailo, G. A, Podshivalova, and M. P. Gorbasheva, Collection: Abstracts of the Scientific Works of 
the Joint Scientific Session of the Sverdlovsk Institute for Scientific Research in Maternity and Child 
Protection and the Moscow Institute of Obstetrics and Gynecology [in Russian] (Sverdlovsk, 1958) p, 83. 

Z. F. Surovtseva, Abstracts of the Proceedings at the Fourth Conference of Young Scientists of the Institute 
of Normal and Pathologic Physiology [in Russian] (Moscow, 1956) p, 52. 

D. J. Sandweiss, H. C. Saltstein, and A, A, Farbman, Am. J. Digest, Dis, 6,6 (March, 1939). 


~ 
1, 
3. 
4, 
5. 
j 
6. 
7. 
8. 
10. 
11, 
12, 
13, 
14, 
39 


A STUDY OF HIGHER NERVOUS ACTIVITY IN EXPERIMENTAL TUBERCULOSIS 
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The study of the central nervous system's role in different pathologic conditions has recently become of 
paramount importance, 


Higher nervous activity in experimental tuberculosis has been studied alinost exclusively by the method of 
salivary and motor-food conditioned reflexes [4-6, 10-13], T.F. Ryumina [9,10] and others have shown, however, 
that the unconditioned reflexes of animals are depressed from the very first days following the infection, and this, 
of course, cannot but affect the character of conditioned reflex activity, 


We used motor-defense conditioned reflexes electrocutaneously reinforced as an index of higher nervous 
activity with experimental tuberculosis in dogs. 


Experimental Methods 


A system of conditioned motor-defense reflexes was developed in dogs in a sound-proof chamber by V. P. 
Petropavlovskii’s method [7], with certain modifications, The unconditioned stimulus was a supraliminal induc- 
ing current, The conditioned stimuli employed were a bell, a buzzer (differentiation), a touch, and a light. 
While the reflexes were being developed, the conditioned stimuli were each given alone for 5 seconds of their 
20-second total action time, Later, each stimuli actually acted alone for 20 seconds because, when there was 
an expressed conditioned reflex, the dog, by lifting its paw, automatically cut off the current for the total action 
time of the conditioned stimulus, The autonomic component of the reflex was calculated according to the depth 
and rate of the respiratory movements of the chest. The experimental data were recorded on a kymograph tape, 
and entered in the official report. Higher nervous activity was evaluated according to a seven-point graded 
scale we worked out, taking into account the interrelation and gradation of the quantitative and qualitative in- 
dices of the motor conditioned reflex; the more adequate and absolute the reflex, the higher it was rated on the 
scale, 


After the system of conditioned reflexes was developed, the dogs were intravenously infected on this “back- 
ground" with a virulent culture of Mycobacterium tuberculosis(Walle strain) in a dose of 0.75 mg/kg of weight. 
We then observed the dynamics of higher nervous activity in the animals, At the same time, we systematically 
recorded the clinical indices, the general condition of the animals, and their behavior outside the chamber, 
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Fig. 1. The dynamics of the motor-defense conditioned reflexes in the dog Zhuchka 
compared with certain clinical indices after infection, Graded according to the con- 
ditional seven-point scale: 1) average value of positive conditioned reflexes; 2) 
average value of negative conditioned reflexes; 3) average preinfection level of 
positive conditioned reflexes; 4) E.S.R. (in millimeters per hour in relation to the 
original level), 
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Fig. 2, The dynamics of the motor-defense conditioned reflexes in the dog Pal'ma 
compared with certain clinical indices: 1) average value of positive conditioned re- 
flexes; 2) average value of negative conditioned reflexes; 3) average preinfection 
level of positive conditioned reflexes; 4) E.S.R. (in millimeters per hour in relation 
to the original level); 5) leukocytes (in thousands in relation to the original level), 


The three dogs on which the observations were conducted can be described as follows: 


1, A sheep dog named Zhuchka, 3-4 years old, Affectionate and timid with people, aggressive with 
other animals, 


2. A mongrel named Pal'ma, 3-4 years old. Quiet and affectionate with people, indifferent to other dogs. 
Strongly expressed passive-defense reaction to new surroundings. 
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* The autopsies on the dogs were performed by M, A. Simanovskii. 
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Fig. 3. The dynamics of the motor-defense conditioned reflexes in the dog 
Ryzhii compared with certain clinical indices, Symbols the same as in Fig. 2. 


3. Ryzhii, a cross between a female sheep dog and a male mongreal, 2-3 years old, Strongly developed 
orientation and playful reflexes, Very active, movements impulsive and impetuous, respiration uneven, 


On the thirteenth day after infection, the dog Zhuchka began to appear weak and to be slightly unsteady in 
her gait, This weakness increased sharply on the 29th day; the dog sagged against the straps on the bench, and 
dyspnea and sharply expressed movements of exhaustion were observed, The dog died 85 days after infection, An 
autopsy was performed,* which demonstrated more than four liters of serous exudate in the abdominal and pleural 
cavities, The lungs, liver, and kidneys were studded with miliary tubercles, 


During the first 26 days of observations after the infection, the motor-defense reflexes in this dog, graphic- 
ally expressed , formed two waves; the first peak was observed on the 5th-7th day after infection; the second, on 
the 15th day (Fig. 1), After the infection, conditioned reflex activity retained the circular character observed 
before it, and the average value of the positive conditioned reflexes almost matched the preinfection level, The 
differentiation was absolute at the time of the first peak, but became slightly disinhibited to the first buzzer, al- 
though still absolute to the second, during the time of the second peak, There was a considerable increase in the 
inertia of the accelerated respiration constituting the aftereffect, and this, together with the intensification of the 
intersignal reactions (general unrest and frequent shifting of the paws during the five-minute interval) should evi- 
dently be regarded as an indication of increased defense center excitability, 


Starting the 31st day after infection, we observed in the dog Pal'ma sluggishness, “drunken® gait, and some 
sagging in the straps; at the same time, the passive-defense reaction became stronger, and a sharply expressed 
depth phobia developed, The dog was sacrificed on the 180th day after infection in a condition of extreme ca- 
chexia, The autopsy disclosed a few submiliary and miliary tubercles in the lungs and kidneys, 


As compared with the preinfection period, motor-defense conditioned reflexes of Palma improved consider- 
ably on the 3rd-9th and 16th-39th days after infection: they became strictly adequate, the differentiation be- 
came stronger, and the dog's paws shifted more frequently during the intersignal interval (Fig. 2), The aftereffect, 
especially to the light, became sharply prolonged: the dog did not drop its paw for 25-28 sec after the stimuli were 
cut off, The aftereffect expressed in frequency of respiratory movements also increased to five times the original 
level (before infection), A new positive conditioned reflex was rapidly developed (to a tone 1 per second in fre- 
quency), becoming apparent in clear and adequate form at the third combination; the differentiation to this (tone 
1 per 5 seconds in frequency) became total at the fifth use of the differentiation stimulus, 
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Sluggishness was observed in the dog Ryzhii starting the 7th-8th day after infection, and the playful reflex 
disappeared, Acute deterioration of condition (weakness, unsteady gait) was observed starting the 54th day, The 
dog died 63 days after infection, The autopsy disclosed 1,5 liters of serohemorrhagic exudate in the abdominal 
cavity, while the liver, lung, and kidneys were found to be completely overrun with miliary tubercles, 


Before the infection, Ryzhii's motor-defense conditioned reflexes were marked by extreme instability, and 
their indices were usually low, The differentiation was incomplete. During the period comprised of the first to 
the ninth day after infection, the differentiation became somewhat reinforced, intersignal excitation increased, 
and the motor-defense positive conditioned reflexes improved, becoming clearer and more tonic, Then, after a 
nine-day slump, there was an abrupt and extraordinary improvement in conditioned reflex activity for 21 days, 
The reflexes to all the positive conditioned stimuli became sharper and more adequate than ever before, and the 
differentiation became stronger. Respiration became much slower, The aftereffect to the weak stimulus (the 
light) was enhanced (especially from the 34th to the 56th days): the delay in dropping the paw reached 12 sec, 


Comparing the results of the observations on each of the three experimental dogs, one can distinguish cer- 
tain common features of both the clinical picture of tuberculosis and the functional condition of the cerebral 
cortex. The common clinical symptoms comprised the following (see table): 1) increase in body temperature 
on the 9th-14th day, followed by a decrease; 2) progressive weight loss beginning the 5th-10th day after infec- 
tion; 3) erythropenia throughout the postinfection period; 4) reduced hemoglobin content of the peripheral blood; 
5) E.S.R. considerably accelerated, with maximal acceleration observed on the 46th-64th day; 6) positive Man- 
toux test on the 13th-15th day; 7) loss of appetite and change in general condition (sluggishness, ataxia) ob- 
served in all the dogs, but at different intervals after infection; 8) sectional demonstration of tuberculous tubercles, 
primarily in the lungs and kidneys, All these features leave no doubt as to the severity of the course of the 
tuberculous process, 


As to conditioned reflex activity, graphically expressed, it formed two waves, or four phases, in all of the 
dogs: 1) on the 3rd-7th day after infection, an increase in the sum of the positive conditioned reflexes and rein- 
forcement of the differentiations; 2) beginning the 9th day, some decrease in the sum of the positive conditioned 
reflexes; 3) then, at different times after the infection, a considerable increase in the sum of the positive con- 
ditioned reflexes; in Zhuchka, the 13th-15th days; in Pal*ma, the 16th-36th days; and in Ryzhii, the 39th-56th 
days after infection; 4) acute premortal decrease of all conditioned reflexes, 


The most general features of the higher brain sections’ reaction to tuberculous infection, therefore, occur 
during the first few days when the intervals and character of change in the motor-defense conditioned reflexes 
almost exactly coincided in the different dogs, The more individual features of the reaction appear later, 


During the first phase, moreover, the increase and qualitative improvement in the defense conditioned re- 
flexes, attended by increased general excitability (intersignal reactions, etc,), coincide with deterioration of the 
clinical indices of the tuberculous process (accelerated E.S.R., leukocytosis), while the opposite is true during 
the second phase, which is clearly evident upon comparison of Figs. 1, 2, and 3, 


Before the last days of life, while the experimental dogs could still stand and move about, the motor-de- 
fense conditioned reflexes were clear and adequately expressed (the dog Zhuchka was, to some extent, the ex- 
ception, as she developed symptoms of general intoxication very rapidly), 


The authors of the works cited at the beginning of this article indicated a considerable decrease in the 
food conditioned reflex, They drew the general conclusion that the efficiency of the cerebral cortex as a whole 
regularly diminished under the influence of the infection. 


In our experiments with motor-defense conditioned reflexes, however, we observed conditioned reflex 
activity to be extraordinarily stable; this seems to be due to the tonicizing effect of infection upon the defense 
center, 


The data we obtained, therefore, casts doubt on the existing opinion concerning the disturbance of higher 
nervous activity which is alleged to occur under any circumstances in dogs with experimental tuberculosis, The 
change which takes place in food conditioned reflexes does not seem to be the general rule in the pathology of 
higher nervous activity. On the other hand, all these data can serve to point up the fact that, in research in 
higher nervous activity, it is not enough to ascertain only the physiological mechanism of a reaction; the bio- 
logical significance of each of the animal's reactions must also be taken into account, as has been demonstrated 
particularly clearly in the works of G. A, Obraztsova [6], E. Sh. Airapet’yants [1], P. K. Anokhin [2], et al, 
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SUMMARY 


After the elaboration and consolidation of a system of motor-defense reflexes in 3 dogs, the animals were 
infected intravenously with Mycobacterium tuberculosis (Walle strain) in the dose of 0.75 mg per kg of body 
weight, Four phases in the change of conditioned reflex activity were noted against the background of progress- 
ing disease: 1) improvement during the first days after the infection; 2) some reduction; 3) considerable and 
prolonged improvement; 4) preterminal reduction of the reflexes, The first phase coincided with the exacerba- 
tion of tuberculosis (increased erythrocyte sedimentation rate, leukocytosis), the second — with its temporary 
abatement (some normalization of the clinical indices), Later, such coincidence was not constantly observed, 
A suggestion was made as to the regular sequence characterizing the reaction of the higher portions of the brain 
to tuberculosis, i.e., the general features are manifested first, the individual, later, Our data on the absence 
of stable disturbance of defense reflexes during tuberculosis were compared with contrary results, obtained by the 
food reflex method (literature data), It is suggested that the defense center excitability is increased by the de- 
velopment of infection. A conclusion was drawn that the data obtained with the food conditioned reflexes are 
not applicable to the higher nervous activity as a whole, 
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The present investigation was concerned with the elucidation of the dependence of bromide metabolism 
in the animal body, and particularly in various compartments of the brain, on the functional state of the central 
nervous system, 


We were interested in the effect of stimulation and inhibition on the distribution of bromides in the body, 


A number of published communications have dealt with this problem, Their authors generally reported 
changes in bromide concentrations in blood as well as in some of the compartments of the central nervous systems 
in animals in which the state of the central nervous system was altered by a variety of means, However, a care- 
ful analysis of the experimental results showed them to be statistically unreliable, or based on the use of unsatis- 
factory experimental procedures [1-6, 8-11]. 


TABLE 1 


The Effect of Physical Exhaustion on the Distribution of Bromides (Tagged with Br) in 
Some Tissues and Organs of the Albino Rat 


Control Physical exhaustion Percent 
(2 rats) (3 rats) of control 


Blood 

Thyroid 

Pituitary 

Large hemispheres 
Midbrain 
Cerebellum 
Medulla oblongata 
Muscle 


Experimental Methods 


Albino rats were used throughout, The changes in the state of the nervous system were accomplished by 
both physical action on the system, as well as by chemical agents, Bromide distribution was followed by tagging 
with radioactive bromide (Br™), which was introduced as sodium bromide subcutaneously, in doses ranging from 
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Tissue 
1 1 100 
0.76 0.96 0,03 124,7 
0.45 0.444 0.15 97.5 
0.19 0.18 + 0,01 94,7 
0.19 9.21 4 0,01 110.6 
0.21 0.214 0 100.0 
0.21 0.22 + 0,001 104.8 
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supraliminal 


convulsions 


convulsions 


inhibition (3 rats) 


Material studied 


85,5 
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Cerebral hemispheres 


Midbrain 
Medulla oblongata 


Blood 
Thyroid 
Pituita 
Nerves 
Cerebellum 
Muscle 
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16 to 26,5 uCperkg body weight. Activities in tissues 
were measured with an end-window counter, the count- 
ing accuracy being kept within a 10% error, Data were 
subjected to statistical analysis whenever the number 
of measurements available permitted,* 


Experimental Results 


In the first experimental series, the change in 
bromide distribution was investigated as a function of 
physical exhaustion, 


The rats were given NaBr™, and two hours later 
were placed in a rotating drum (race), in which they 
were made to exercise for two hours to extreme exhaus- 
tion. Four hours after the injection of the radioactive 
bromide, the animals were killed, together with a batch 
of control animals, by rapid immersion into liquid ni- 
trogen. 


The results of this series, expressed as relative 
specific radioactivities with respect to blood, are shown 
in Table 1, 


It will be seen from Table 1 that bromide distri- 
bution in various compartments of the brain and in 
muscle was not affected by physical exhaustion: the 
deviations from control values were within the limits 
of experimental error, The difference recorded in the 
thyroid tissue was a significant change. 


The second experimental series was concerned 
with the effect of sleep deprivation of various durations 
on the distribution of bromides in the albino rat. 


The experimental animals were denied sleep 
over periods ranging from 17 to 72 hr, either by severe 
shaking in a moving trolley, or by continuous stimula- 
tion with a direct current, interrupted with a Warren 
motor, 


The results obtained are presented in Table 2, 


Table 2 shows that the deprivation of sleep over 
17 hours, or for more prolonged periods (up to 72 hr) 
did not elicit any appreciable change in the distribution 
of Br™ in all the tissues investigated, with the exception 
of the thyroid (the scatter of the analytical data was 
within the limits of experimental error), 


In the third experimental series, we have tested 
the effect of various pharmacological agents on the 
distribution of bromides in the organs and tissues of the 
albino rat, The agents used were ether (light anesthesia), 
phenamine, and amytal (Table 3), 


*The determination of the mean square deviation for 
small groups of animals (n = 5) was done according to 


the Urbach equation [7]: o, ~ + 
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In the first experiment, the animals, after receiving NaBr™ solution, were placed under a glass bell, where 
an atmosphere of ether vapor was provided by a piece of cotton wool soaked in ether, The condition of the ani- 
mals was continuously observed, and they were prevented from passing from the state of narcotic sleep into one 
of deep anesthesia, The animals were kept in the ether vapors for three hours. 


A fall in the rate of uptake of Br™ by the tissues was observed in this group in comparison with controls, 
but the general distribution of bromide in the tissue was not affected, The only effect of ether narcosis was 
therefore one of a lowered adsorption rate by the tissues, 


In the second experiment of this series, the stimulant phenamine was administered to the rats (0.5 mg per 
kg body weight), and the Br®**-labeled NaBr was given 6.5 hr later, The rats were killed by immersion in liquid 
nitrogen 17 hr after the administration of the drug, and the radioactivity of the various tissues was examined as 
usual, 


In the third experiments, ten rats were given radiobromide, and after 17 hr the animals were divided into 
three groups, The animals of the first group (three rats) received phenamine (50 mg/kg), those of the second 
(three rats) were given amytal (0.2 g/kg), while the remaining four rats served as controls, The phenamine- 
treated rats were in a highly excited state throughout the experiment, were continually mobile, and completely 
wet with perspiration, Those given amytal were asleep throughout the period, while the control animals behaved 
normally, All animals were killed two hours later by decapitation, 


The analysis of the results presented in Table 3 showed the complete lack of any effect whatever of the 
pharmacological agents tested on the shift of bromides in the organs and tissues investigated, 


In the last experimental series, the distribution of bromides was studied in animals subjected to convulsive 
shock, In the first two experiments of this series, the animals were shocked with alternating current from the 
mains, with a frequency of 50 hertz and potential of 100 V (through an LATP-2), The two electrode needles 
were placed in the occipital region and the upper lip, respectively, The animals passed into convulsions as soon 
as the current was switched on, In the further stages, the animals passed into supraliminal inhibition, The length 
of the stimulation period varied with experiments, and some of the animals were killed while convulsing, while 
others were killed in the inhibited state, The results of this experimental series are presented in Table 4, 


It will be seen from Table 4 that neither strong stimulation, nor supraliminal inhibition had any effect on 
the distribution of bromide in the tissues of the cerebral hemispheres, midbrain, cerebellum, or nerves, Atten- . 
tion is drawn to the slight changes in radioactivity in the medulla, in the direction of a lower activity, which 
were observed both in the case of stimulation and supraliminal inhibition (Expt, 2), These data require further 
confirmation, 


It may thus be concluded from the present experiments that the distribution of bromide between the vari- 
ous compartments of the brain is not affected by the functional state of the central nervous system, 


The problem of a possible redistribution of bromide between the extracellular and intracellular spaces of 
the tissues in question during changes in the functional state of the central nervous system deserves separate study. i. 


SUMMARY 


The effect of various functional states of the central nervous system on the distribution of bromide in rats 
was studied with the aid of Br®*, The various conditions studied were fatigue, period of sleep deprivation from 
17 to 72 hr, intoxication with various agents (ether, phenamine, amytal), as well as convulsive shock and supra- 
liminal inhibition caused by the passage of alternating current through the animals" heads, Radioactivity due to 
Br® was determined in the blood, thyroid, pituitary, nerves, large hemispheres, mesencephalon, cerebellum, 
medulla oblongata, adrenals, and muscles, 


None of the treatments employed caused any appreciable changes in bromide distribution in brain, but 
some significant, though slight, changes were observed in the thyroid in some of the experiments, 


a 
| 
49 


LITERATURE CITED 


M. F. Vasil'ev, Proceedings of the I, P. Pavlov Physiology Laboratory [in Russian] (Moscow-Leningrad, 1948) 
Vol, 14, p. 83. 
A. A. Danilov, Collection: New Data on the Physiology of the Hypophysis [in Russian] (Moscow-Leningrad, 
1941) p. 162, 
O. S, Krivosheev, Abstracts of the Annual Conference of the Psychiatric Research Institute [in Russian] 
(Moscow, 1956) p, 129, 
O. A. Krylov, Zhur. Vysshei Nerv, Deyat, 8,3, 358 (1958), 
F. I. Rivosh, Vestnik Rentgenol, i Radiol, 20, 83 (1938), 
Yu. S. Tatarinov, Abstracts of the Eleventh Conference of the All-Union Federation of Physiology, 
Biochemistry, and Pharmacology (South RSFSR Division) [in Russian] (Stavropol-on-Kuban, 1956) p, 253. 
V. Yu. Urbakh, Doklady Akad, Nauk SSSR 130,1, 214 (1960), 
H. Zondek and A, Bier, Biochem, Z, 241, 491 (1931), 
H. Zondek and A, Bicr, Klin, Wschr, 11, 759 (1932), 

10. H. Zondek and A. Bier, Klin, Wschr, 12, 633 (1932), 

11. H. Zondek and A, Bier, Klin, Wschr, 12, 55 (1932). 


4 
a 
‘ 
-. 
= 
ty 
- 
50 


PHARMACOLOGY 
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It is known that certain substances, intravenously administered, can cause a reflex fall of blood pressure 
and bradycardia, These reflexes are evoked by stimulation of the receptors of the lungs and heart, and their af- 
ferent routes terminate in the body of the vagus nerves, Dawes and Comroe were the first to use the name 
“coronary chemoreflex" for the reflex from the cardiac receptors [14], This reflex is caused by Veratrum alka- 
loids, serotonim, ATP, isourea derivatives, as well as by serum, plasma, and blood,* All these substances induce 
bradycardia and hypotension only when they enter the cardiac receptors, through the coronary vessels (the name 
of the reflex is related to this fact) [9,14]. 


The question of which cardiac receptors are responsible for the development of the coronary chemoreflex 
is still largely unsolved, 


Veratrum alkaloids are known to induce the coronary chemoreflex by stimulating the cardiac mechanore- 
ceptors [20]; according to the data of Mott and Peintal [18,21], serotonin stimulates a different type of cardiac 
receptor, and it is not yet clear which receptors react to serum, ATP, and isourea derivatives, 


Our knowledge of the “coronary chemoreflex," therefore , cannot be considered complete from the physio- 
logical standpoint, Moreover, the existing data do not give sufficient basis for a more rational classification of 
the reflexes incorporated under this name, 


The coronary chemoreflex is known to be one of the causes of hypotension in myocardial infraction, steno- 
cardia, operations on the heart, and post-transfusion complications; it plays a substantial role in the action 
mechanism of certain medicinal preparations used to treat hypertonic conditions [12,14-16], It has therefore be- 
come necessary to seck pharmacological agents which will influence the coronary chemoreflex, 


We began our research in this direction with a study of the effect of analgesics, aminazine (chloroproma- 
zine), and reserpine on the coronary chemoreflex, The ability of these substances to alter the course of many 
viscero-visceral reflexes is generally known [2,8,17]. It therefore seemed wholly possible that they could affect 
the subject reflexes from the heart, Other important reasons for our choice of these substances were the extens- 
ive use of aminazine and analgesics in myocardial infarction, stenocardia, and operations on the heart and the 
attempts which have been made to use reserpine combined with veratrine to treat hypertonic conditions [1,15,16]. 


*Serum, plasma, and blood acquire the ability to induce coronary chemoreflex only after long storage (2-3 weeks), 
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Fig. 1. Absence of bradycardia attending injection 
of 10 ug serotonin into the ascending aorta above the 
mouths of the coronary arteries (a) and pronounced 
reaction attending injection of the same dose into 
the cavity of the left ventricle (b), Curves show (top 
to bottom): arterial pressure and heart rhythm; in- 
dication of stimulation (serotonin injection); time 
(in 5-sec marks), 


Experimental Methods and Results 


The coronary chemoreflex was induced with 
the aid of veratrine and serotonin, The development 
of reflex bradycardia and hypotension from several 
reflexogenic zones attended the intravenous injec- 
tions of these substances; serotonin was also observed 
to exert a direct effect on the vessels of both the 
pulmonary and the systemic circulation [12,13,19]. 
When the proper doses of veratrine and serotonin are 
introduced into the cavity of the left ventricle, the 
resulting bradycardia can be due only to stimulation 
of the cardiac receptors, This was shown by the ex- 
periments of Aviado [10] and Comroe et al, [12], in 
which veratrine and serotonin induced a definite re- 
action when they were introduced into the cavity of 
the left ventricle, but did not change the rate of the 
cardiac contractions when they were introduced, in 
the same doses, into the ascending aorta above the 
mouths of the coronary arteries, 


After repeating the experiments of Aviado and 
Comroe, and obtaining the same results (Fig. 1), we 


decided to employ the method of injecting serotonin and veratrine into the cavity of the left ventricle in order 
to study the cardiac component of the coronary chemoreflex induced by these substances, This method also 
seemed entirely suitable for the study of veratrine hypotension, Serotonin, however, when injected into the cavity 
of the left ventricle, only induces the reflex from the heart, When used in doses which have a direct vasocon- 
strictor effect and lower the tonus of the vasoconstrictor centers, Therefore, the coronary chemoreflex is the es- 
sential, but not the only cause of the blood pressure reactions which develop when serotonin is injected into the 
cavity of the left ventricle, 


We therefore used the data on the effect of analgesics, aminazine, and reserpine on these reactions solely 
for purposes of orientation, We paid particular attention to the portion of the hypotensive reaction which de- 
velops during the initial 10-15 min following the serotonin injection (in most cases, the coronary chemoreflex 
to serotonin develops and terminates within this period), Our final conclusions were based on experiments in 
which serotonin was injected into the lumen of the left coronary artery, As little as %) the amount of serotonin 
was required to produce the reflex from the heart* when the substance was injected into the lumen of the coro- 
nary artery, and this method of injection also prevented stimulation of the extracardial reflexogenic zones and 
any direct effect of serotonin on the vessels, 


Experiments were performed on cats uxder urethan and urethan-chloralose anesthesia, Urethan was in- 
jected intravenously in a dose of 1,2 g/kg in the first case, and in a dose of 0.6 g/kg combined with 0,04 g/kg 
chloralose in the second, To permit the injection of veratrine and serotonin into the cavity of the left ventricle, 
small pieces of the III-IV ribs on the left were resected under conditions of artificial respiration, The left sub- 
clavian artery was dissected out and ligated at the level of the II rib; through an incision in the arterial wall,a 
metal cannula or polyethylene catheter was inserted, leading into the aorta and then into the cavity of the left 
ventricle, 


At the same time, the animal was given an intravenous injection of heparin (100 units per kg), The cath- 
eter’s position was visually controlled until the end of the experiment, The blood pressure was recorded in the 
common carotid artery by mercury manometer; the rate of the heart beat was determined along the recorded 
blood pressure curve, In several experiments, electrocardiographic observations were made with the aid of a 


* When serotonin is introduced into the cavity of the left ventricle, the reflex from the heart is only induced by 
the amount of the substance which enters the lumen of the coronary vessels with the blood, i.e., approximately 
one-tenth of the amount injected, 
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Fig. 2. Aminazine inhibition of the reflex reaction induced by the injection 
of 2 serotonin into the left coronary artery (¥ ): a) reflex reaction before 
injection of 1.5 mg/kg aminazine; b) 5 min after injection; c) 25 minafter 
injection, Curves show (top to bottom); arterial pressure and heart rhythm; 
time (in 5-sec marks), 
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Fig. 3. Effect of reserpine on the reactions induced by the injection into the cavity 
of the left ventricle of 10 ug veratrine (1%) and 10 yg serotonin (¥): a) reaction to 
serotonin before reserpine injection; b) reaction to veratrine before reserpine injec- 
tion; c) reaction to serotonin 1 hr after injection of 0.4 mg/kg reserpine; d) reac- 
tion to veratrine 1 hr 5 min after reserpine injection; e) reaction to serotonin 1 hr 
40 min after reserpine injection; f) reaction to veratrine 1 hr 45 min after reserpine 
injection; g) reaction to serotonin 2 hr 15 min after reserpine injection; h) reaction 
to veratrine 2 hr 20 min after reserpine injection, 


screened cathode-ray cardiograph, Veratrine was used in doses of 10-50 ug, serotonin in doses of 10-20 ug. To 
prepare for the injection of serotonin into the lumen of the left coronary artery, a catheter was inserted, as in 
Dawes's experiments, in the mouth of this artery from the lumen of the ascending aorta [13], Dawes supplied 

the coronary artery with blood by connecting the free end of the catheter with the common carotide artery, In 
our experiments, blood was fed into the mouth of the left coronary artery from the femoral artery with the aid 

of a perfusion pump. This method, first used by N, V. Kaverina [3] to study the tonus of the coronary vessels, 
enabled us to create optimal conditions of myocardial blood supply. Serotonin was introduced in a dose of 1-2ug 
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into a rubber tube which connected the pump with the catheter inserted into the mouth of the coronary artery. 
To avoid tachyphylaxis, veratrine was injected at half-hour intervals in all the experiments; serotonin, at 15- 
min intervals, Under these conditions, we managed to obtain at least three or four reactions of identical value, 


In our study of the cardiac component of the coronary chemoreflex, the value of the reaction was estimated 
according to the decrease in the rate of the heart beat, expressed in percent of the original rhythm, The electro- 
cardiographic data showed that the bradycardia observed was sinus in character, 


The value of the depressor reactions was determined each time in percent of the blood pressure level be- 
fore the reaction, and compared with the value of the original reaction, computed in the same manner, The 
analgesic and neuroplegic substances were injected intravenously, 


The experiments showed that the reflexes to veratrine and serotonin changed identically under the influence 
of analgesics, The character and degree of the effect depended entirely on the dose of the analgesic, For ex- 
ample, morphine and promedole (4-phenyl-4-propoxy-1,2,5-trimethyl- piperidine hydrochloride) in doses of 

-2 mg/kg, and phenadone (methadone) in doses of 0,.5-1 mg/kg did not, in most of the experiments, affect the 
reflex bradycardia, The reflex hypotension became either depressed or considerably intensified. 


When the doses of morphine and promedole were increased to 4 mg/kg, and the phenadone doses to 2 
mg/kg, the considerable decrease, or complete disappearance of reflex bradycardia and hypotension was ob- 
served in all the experiments, Restoration of the reactions, however, occurred as early as the 20th-30th minute, 
and the reflex bradycardia then observed often exceeded the original. 


When aminazine was injected in a dose of 1-2 mg/kg, acute and sometimes total inhibition of the coron- 
ary chemoreflex was observed (Fig. 2). No restoration was, as a rule, observed for 2-3 hr, There is no parallel 
between the ability of aminazine to inhibit the coronary chemoreflex and the hypotensive effect of the drug: the 
reflexes were often totally inhibited, while the pressure remained high; in several cases, the inhibited reflexes 
were restored although the arterial pressure remained depressed. 


Reserpine in doses of 0,3-0.5 mg/kg inhibited the reflex reactions to serotonin, 


In a majority of experiments, inhibition of the reflex bradycardia and hypotension was observed as soon as 
30 min after the reserpine irijection, and the reactions remained inhibited for 2-3 hr, Occasionally, the reactions 
were inhibited 50-60%, and their restoration began after 2-2} hr, The coronary chemoreflex to veratrine did not 
change stably under the influence of the same doses of reserpine: bradycardia could either increase or be in- 
hibited; the depressor reaction usually did not change. In cases where veratrine and serotonin were both injected 
in one experiment, we noted a definite relationship between the effect of reserpine on the veratrine reflexes and 
the degree to which the reflexes to serotonin were inhibited, In the experiments in which reserpine inhibition of 
the reflexes to serotonin was only mildly expressed, we observed the reflexes to veratrine to be stronger, When 
the reaction to serotonin was completely suppressed, the reflex to veratrine was inhibited (Fig. 3). 


Under the influence of analgesics, therefore , the chemoreflexes to serotonin and veratrine changed slightly. 
They became briefly inhibited only when morphine, promedole, and phenadone were used in amounts which 
notably deteriorate pulmonary ventilation, according to the literature data [4,6,7], Aminazine induced inhibi- 
tion of the reflexes in a dose of only 1-2 mg/kg. Doses several times larger than these are easily tolerated by 
the experimental animals [5,11], Further experiments demonstrated that the effects of aminazine and the anal- 
gesics on reflex bradycardia induced by the injection of long-stored serum into the cavity of the left ventricle * 
followed the same characteristic courses already described. 


It is probable that these substances have the same characteristic effects on all the reflex reactions lumped 
together under the term “coronary chemoreflex,” and possible that this is also true in respect to the reflexes in- 
duced by the action of mechanical stimuli on the pressoreceptors of the ventricles and auricles, The data con- 
cerning the effect of reserpine on the coronary chemoreflex is, in our opinion, of particular interest, The ques- 
tion of why reserpine affects “veratrine” and “serotonin” reflexes differently must be investigated. 


*In these experiments, as in all the preceding ones, the bradycardia developed solely as a result of stimulation 
of the cardiac receptors, 
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SUMMARY 


Coronary reflex was induced with serotonin, veratrine, and serum, All these substances were administered 
to anesthetized cats into the cavity of the left ventricle or the left coronary artery, As shown, the analgesics 
(morphine, promedole, and phenadone) failed to produce any distinct effect upon the coronary chemoreflex, Low 
doses of aminazine (chlorpromazine) distinctly depressed the reflex, Reserpine depresses the reflex evoked by 
the administration of serotonin, The reflex in response to veratrine may be either intensified or inhibited, 
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In a previous investigation [1], on the basis of indirectly relevant data, we came to the conclusion that 
morphine can interfere in the energy metabolism of tissues by inhibiting the resynthesis of high-energy compounds, 
Analysis of literature data indicating that morphine induces substantial disturbances in the carbohydrate metabo- 
lism of nervous tissues (9, 13, 19], plus our own observations, prompted us to study the effect of this analgesic on 
the content of high-energy phosphorus compounds in the brain, 


Experimental Methods 

Experiments were performed on white rats weighing 100-200 g each, The brain tissue was fixed by freez- 
ing the brain in situ without first opening the cranium, The animal was put under light ether anesthesis, and then 
gradually lowered by the scruff into liquid air; cardiac activity and respiration were maintained until the brain 
was completely frozen, The brain was then removed, and chemical analysis of the content of adenosine triphosph- 
oric acid (ATP), phosphocreatine (PhC), and inorganic phosphorus (IP) was carried out in a protein-free filtrate 
of the ground frozen brain tissue (the cerebellum and medulla oblongata were not used in the test), IP was de- 
termined by Fiske and Subbarow's method, the ATP content was determined by precipitation with mercuric ace- 
tate , followed by 7-min hydrolysis in normal hydrochloric acid, and the PhC content was determined by 30-min 
hydrolysis with a 2.5% solution of ammonium molybdate at 37°, The phosphate was precipitated with a mixture 
of a 0,5% magnesium oxide solution and a 2% calcium chloride solution, The data obtained were processed by 
variation statistics, 


Experimental Results 


We performed four series of experiments, using ten animals in each series, The first experimental series 
was performed on control animals which were injected intraperitoneally with a physiological solution 20-30 min 
before the investigation, The values obtained for PhC, ATP, and IP (Table 1) approximated the data of other 
researchers [4,16], The higher PhC figures cited by some authors [2,6] could be due to the very deep ether 
anesthesia they employed before freezing the brain tissue. In our experiments, the animal's brain was fixed im- 
mediately after the initial signs of anesthetic sleep appeared, 


The second series of experiments was performed on rats which were given 40 mg/kg morphine hydrochlo- 
ride (1% solution) intraperitoneally 30 min before the investigation, After injecting this dose of the analgesic, 
we noted a decrease in the motor activity of the animals, retardation of the respiration rate, and the appearance 
of the “caudal phenomenon,” 


The results of the second experimental series showed (see Table 1) that a statistically authentic decrease 
in the PhC content in the brain tissue occurred in the rats after the morphine injection, This decrease, which 
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TABLE 1 


Effect of Morphine and Nalorphine on the Level of Labile Phosphorus Compounds in the Brain 


Morphine Morphine and nalorphine 


Average content 
(in mg%) P 
Authenticity, T 


TABLE 2 


Content of High-Energy Compounds in the Brain of Control and Vagotomized 


Animals 
Vagotomized rats 


Average content 
(in mg%), P 
Authenticity, T 


we found in the PhC content can be compared with the observations of Kun and Abood [17], who found that morph- 
ine sharply decreased the content of PhC and other intermediate products of the carbohydrate metabolism (hexo- 
sephosphates, lactate, and pyruvate)in the liver tissue. We could not, however, detect any substantial changes 

in the ATP fraction as compared with the control experiments, The average ATP content was 14,9 mg% in the 
control, and 15,2 mg% after the injection of the analgesic, Statistical processing showed that this difference was 
not authentic, 


The decrease in the PhC content of the brain observed after the morphine injection, and the lack of change 
in the ATP fraction, agree with the observations of other researchers, the data of whom indicate that various in- 
fluences which disturb the metabolism of high-energy compounds in the nervous tissue (convulsions, hypoxia, 
etc.) first affect the PhC content [3,7,11,14], PhC decomposes sooner than ATP, functioning as a buffer system, 


As Table 1 shows, a statistically authentic increase in IP occurred in the second experimental series at the 
same time as the decrease in the PhC level, The results of this series of experiments, therefore, indicate that 
morphine can interfere in the metabolism of high-energy phosphorus compounds in the brain, this interference 
being expressed in a decrease in the content of the labile phosphate of creatine phosphoric acid. 


We conducted a third series of experiments studying the nature of the changes in the content of high- 
energy compounds after the combined administration of morphine and its antagonist, nalorphine, in order to de- 
termine the degree to which the effect we observed is specific to morphine, N-allylnormorphine (nalorphine), 
which was synthesized by Weijlard and Erickson [20] in 1942, is known to be an active antagonist of morphine 
and other analgesics of similar action, Nalorphine can eliminate almost all the effects of the analgesic agents. 
After the administration of nalorphine, for example the respiratory depression [5,12]:and polysynaptic reflexes 
[21] induced by morphine disappear, morphine analgesia and hyperglycemia diminish [15,24], etc. The nalorph- 
ine we used was synthesized by L. A. Vorotnikova at the AMN SSSR Institute of Pharmacology and Chemotherapy, 
The preparation (5 mg/kg, 1% solution) was intraperitoneally injected into the rats 15 min after the morphine 
injection, After another 15 min, the animal was examined. As described in the literature data, the animals re- 
gained their normal liveliness and activity three or four minutes after the nalorphine injection, and reaction to 
painful stimulation was observed, 


Analysis of brain tissue from animals which received both morphine and nalorphine showed the latter to 
have a normalizing effect on the metabolism of labile phosphorus compounds, which morphine had disturbed. 
As the data cited in Table 1 show, nalorphine promoted restoration of the PhC content to a level approximating 
the control figures, Statistical processing in this case showed no deviations from the control indices, The changes 
in the ATP and IP fractions were also negligible. 
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Consequently, nalorphine's effect on the high-energy compounds of the brain tissue is also clearly antago- 
nistic to that of morphine , which allows one to assume that the changes induced by the analgesic are specific, 
One objection which could be raised to this conclusion is that morphine, in a majority of cases, induced retarda- 
tion of the rate of the respiratory movements in the experimental animals (from 140-160 to 80-100 per minute), 
This effect of morphine could give rise to anoxia of the brain, which could lead to a secondary disturbance in 
the metabolism of the high-energy compounds of the nervous tissue. 


In order to ascertain whether the data obtained were a consequence of a primarily morphine-induced respi- 
ratory depression, we conducted a fourth series of experiments: the content of energy-rich phosphorus compounds 
in the brain of experimental rats after bilateral vagotomy was studied parallel with the content of these com- 
pounds in the brain of control animals, The experimental rats were put under ether anesthesia, and both vagus 
nerves were transected, causing the development of a typical picture of vagus dyspnea in the animals, The 
respiratory rate was 20-30 times a minute (80-100, after the morphine injection), The brain tissue was analyzed 
one hour after the operation, The results of this investigation are given in Table 2, 


The data cited indicate that retardation of the rate of the respiratory movements does not itself cause any 
changes in the balance of energy-rich phosphorus compounds in the brain tissue, The results of the second series 
of experiments, therefore , are adequately authentic, 


Reverting to the nature of the antagonism between morphine and nalorphine, one can only say that there 
is no single opinion held by researchers on this question, Some believe the antagonism to be due to nalorphine's 
ability to speed up the excretion of morphine [8]; others attribute it to nalorphine’s more rapid penetration into 
the brain tissue, and its more energetic struggle for the receptor formations [22]; a third group believes the reason 
for the antagonism to be nalorphine's inhibitory effect on the enzyme systems of N-demethylation of the anal- 
gesic [10], etc, 


Without investigating the substance of these attitudes, one can only point to one curious fact, which could 
be of value in interpreting the data obtained, Mayer and McCawley [18], studying the effect of morphine and 
nalorphine on the respiration of brain sections in the presence of different substrates (glucose , pyruvate, etc.), 
established that brain tissue oxygen absorption is more inhibited by nalorphine than by morphine, If this is true, 
then it is highly probable that the competition between the two substances is extraneous to the processes of aero- 
bic synthesis of high-energy bonds, possibly occurring at the glycolysis stages, This notion is supported by the 
observations of Watts [19] and Wolpert et al, [22], which indicate that morphine does not possess the ability to 
interfere in the processes of oxidizing resynthesis of energy-rich phosphorus compounds, In this connection, one 
can propose that there is competition between morphine and nalorphine in relation to the key enzyines of the 
carbohydrate-phosphorus metabolism, specifically in relation to the hexokinase link of glycolysis, 


SUMMARY 


The author studied the effect of morphine, administered in a dose of 40 mg/kg, and of its specific antago- 
nist N-allylnormorphine (nalorphine) upon the contents of labile phosphorus compounds in the brain of white rats, 
As established, the administration of this analgesic provokes disturbances in the metabolism of high-energy com- 
pounds, manifested, in the statistically authentic reduction of the labile phosphate of creatinephosphoric acid, 

Nalorphine, administered in a dose of 5 mg/kg against a background of morphine action, exerts a normalizing 

effect upon the energy exchange in the brain tissue, The above indirect data suggest the existence of antagonism 
between the two compounds investigated at the level of the hexokinase link of glycolysis. 


LITERATURE CITED 


1. E. B. Arushanyan, Collection: Questions of the Nervous Regulation in the Brain of the Animal and Human 
Organisms under Normal and Pathologic Conditions [in Russian] (Chita, 1958) p, 184, 

2. A.V. Golubtsova and N, K, Nagradova, Byull. Eksp. Biol, Med, 40, 9, 39 (1955), 

3. K.G,Gromova, Biokhimiya 19, 4, 469 (1954), 

4, K.G.Gromova et al,, Biokhimiya 17, 1, 13 (1952), . 

5. N. A. Kruglov, Farmakol, i Toksikol, 20, 6, 40 (1957), a 

6 

7 


3. E.M, Lebedeva, M, N. Maslova, and V, I, Rozengart, Doklady Akad, Nauk SSSR 102, 3, 563 (1955). 
V.S. Shapot, Uspekhi Sov. Biol, 34, 2, 244 (1952), 


4 
4 
ay 
a 
ea 
a 
4 
4 
a 
; 
5 
q 
4 
a 
4 
aft: 
58 


L. B. Achor and E. M. Geiling, Proc, Soc, Exper, Biol, Med, 84, 688 (1953), 

L. B. Achor and E, M, Geiling, Arch, Internat, Pharmacodyn, 105, 313 (1956), 

J. Axelrod and J, Cochin, Fed. Proc, 15, 395 (1956), 

R. M. C. Dawson and D, Richter, Am, J. Physiol, 160, 203 (1950), 

K. Fromherz and B, Pellmont, Arch, Exper, Path, u. Pharmakol, 218, 136 (1953), 

E. Gross and H, Kaufmann, Helvet, Physiol, et Pharmacol, Acta 12, 284 (1954), 

E. S, Gurdjian, W. E. Stone, and J, E, Webster, Arch, Neurol, and Psychiat, 51, 472 (1944), 
E. F. Keith and B, DeBoer, Arch, Internat, Pharmacodyn, 101, 487 (1955), 

J. R. Klein and N, S, Olsen, J. Biol, Chem, 167, 747 (1947), 

E. Kun and L, G. Abood, Arch, Internat, Pharmacodyn, 80, 51 (1949), 

N. Mayer and E, L, McCawley, Fed, Proc, 4, 129 (1945), 

D, T. Watts, Arch. Biochem, 25, 201 (1950), 

J. Weijlard and A. E. Erickson, J. Am, Chem, Soc, 64, 869 (1942), 

A. Wikler and R. L, Carter, Fed, Proc, 11, 402 (1952), 

A. Wolpert, E, B, Truitt, F. K, Bell, and J, Kranktz, J, Pharmacol, and Exper, Therap, 117, 358 (1956), 
L. A. Woods, J. Pharmacol, and Exper. Therap, 120, 58 (1957), = 
H, L, Zauder, Fed, Proc, 11, 405 (1952), 


8 

9. 
10. 
11. 

12 
13, ; 

14, 
1 Oe 
16, 

18. 
20. 
9 
21. 
4 
“i 9 
22. 
Bie 
23. 
d 

— 
59 
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One of the greatest achievements of Russian physiology has been its research on the effect of caffeine on 
the cortical processes, However, despite the numerous works of Pavlov's school, and the extensive research and 
experience in the therapeutic use of caffeine, the mechanism of its action on reflex activity cannot be considered 
adequately understood, There are several indications that the physiological action of caffeine approximates that 
of strychnine [3], Certain authors attribute the increase in reflex activity induced by caffeine to its anticholin- 
esterase action [4]. 


The purpose of our work was to study the mechanism of caffeine's action on simple and easily investigated 
spinal reflexes, 


Experimental Methods 


The experiments were performed on spinal cats, 
Laminectomy was performed in the region of the sacro- 
lumbar thickening, and the meninges were carefully re- 
moved, An electrode was buried in the exposed popliteal 
nerve of each extremity, A tiny (30) glass-insulated 
electrode was inserted into the motor nucleus of the ex- 
perimental muscle (anterior tibialis), A silver disk em- 
bedded in the muscles of thespine was used as the second 
electrode, Stimulation of the nerves and direct stimula- 
tion of the motor nucleus cells was effected with single 
breaking induction shocks, Needle electrodes were stuck 
os S 0 8 DB into the muscle, and the action currents of the latter were 
\ caffeine time (in min) led off through an amplifier to a cathode oscillograph, 


Fig. 1. Changes in the reflex responses: 1)of In our investigation of the extensor reflexes, reflex 
gastroche mius muscle; 2) of anterior tibialis contractions of the gastrocnemius muscle were induced 
muscle — after intravenous injection of caffeine by stimulating the corresponding posterior root, and in- 
in a dose of 10 mg/kg; 3) changes in the re- hibition of these contractions was induced by stimulating 
ciprocal inhibition (induced by stimulating the the ipsilateral deep peroneal nerve, 

ipsilateral deep peroneal nerve) of the reflex 
contractions of the gastrocnemius muscle, The 
ordinate axis shows the change in the ampli- 
tude of the muscle's action currents (in percent), 


A Helmholtz pendulum was used to provide a defi- 
nite sequence of stimulation for the afferent nerves and 
the cells of the motor nucleus, as well as to synchronize 
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the stimulations with the simultaneous sweep of the 
oscillograph ray, During the experiment, the animal 
was kept in a humid, heated chamber, To prevent 
drying, vaseline oil was poured over the cord, After 
the experiment, the spinal cord section containing 
the electrode was resected, fixed, and processed, 
The tip of the stimulating electrode was located by 
making laminary sections, 


Caffeine (coffeinum purum) was injected in- 
travenously in doses of 1-10 mg per 1 kg of animal 
weight. 


Experimental Results 


The curves shown in Fig, 1 illustrate the typi- 
cal changes in reflex excitability, Caffeine caused 
biphasic changes in the reflex responses: there was 
a brief initial increase, lasting 5-10 min, which 
was then succeeded by a longer period of depression, 
This occurred in the reflex arcs of both the flexor 
(anterior tibialis) and extensor (gastrocnemius) 
muscles, 


Fig. 2. Electromyogram illustrating the changes in 
the reflex excitability and reciprocal inhibition of 
the anterior tibialis muscle after the intravenous in- 
jection of caffeine (1), a, a;, a2) Action currents 
recorded during reflex contraction of anterior tibi- 
alis muscle; b, by, b,) action currents of the same 
muscle during cross inhibition; a, b) before caffeine 
ood injection; a, b,) 5 min after injection of caffeine 
xo in a dose of 2,5 mg/kg; ag, bz) 30 min after caf- 
; feine injection. The same graph shows the changes in inhibi- 
tion of the reflex contractions of the gastrocnemius 
my muscle induced by the intravenous injection of caffeine. During the initial period of caffeine's effect, character- 
i: ized by intensified reflex responses, the inhibition decreased, then grew progressively stronger as the reflex re- 
sponses diminished in value, 


a The same pattern was also observed in relation to inhibition of the flexor reflexes, As the electromyogram 
a in Fig. 2 shows, three minutes after the intravenous injection of 1 ml of a 0.5% caffeine solution per 2 kg of cat's 
weight, the reflex contraction of the tibialis became clearly intensified, while the inhibition induced by stimula- 
tion of the contralateral peroneal nerve weakened considerably, The reflex was inhibited 50% before the caf- 
feine injection and 32% after the injection, Thirty-eight minutes after the caffeine injection, the depressive 
stage of the drug's effect was clearly apparent; the value of the reflex response dropped to half the original, At 
this time, stimulation of the contralateral peroneal nerve caused total inhibition of the reflex, 


Analyzing the experimental data regarding the changes in inhibition caused by the action of caffeine, one 
is struck by the fact that the weakening of inhibition always coincided with the phase of intensified reflexes, 
while intensified inhibition was observed during the depressive stage of caffeine's effect, This implies that caf- 
feine does not specifically affect the inhibition processes, and that the changes observed in inhibition are con- 
tingent upon the changes in reflex excitability, In this connection, one should mention that P, M. Nikiforovskii 
[2], in his study of caffeine's effect on the excitation and inhibition processes in the cerebral cortex, concluded H 
that “caffeine, which acts on the excitation processes, evidently does not affect the inhibition processes," As 
our Own observations have shown, however, in contrast to its prolonged and stable effect on the cerebral cortex, 
caffeine's stimulating effect on the spinal reflexes is of very brief duration, 


The effect of caffeine on the spinal reflexes is similar to that of strychnine, P. G, Kostyuk [1] observed 
an increase in the inhibition threshold of the reflexes due to the action of strychnine, as well as intensification 
of both polysynaptic and monosynaptic reactions, 


In the next group of experiments, we examined the effect of caffeine on the excitability of the cells of the 
motor nucleus of the anterior tibialis muscle, A microelectrode was inserted into the grey matter of the spinal 
cord from the dorsal aspect until stimulation of the contralateral popliteal nerve ceased to inhibit the response 
to direct stimulation, When an electrode is buried in the zone of the mctor cells, the inhibition of the response et 
to direct stimulation which is effected by stimulating the contralateral popliteal nerve, usually changes abruptly ae 
into reinforcement, The electrode's position was considered satisfactory when direct stimulation by a single 
breaking induction shock induced a strictly local contraction of the anterior tibialis muscle, 
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Fig. 3. Changes in reflex excitability and excita- 
bility of motor cells after intravenous injection of 
caffeine: a) action current recorded during reflex 
contraction of muscle; b) the same, during con- 
traction induced by stimulating cells of motor nu- 
cleus of the same muscle; c) action current re- 
corded during reflex contraction of muscle on a 
background of preceding stimulation of contralater- 
al popliteal nerve; d) the same, during direct 
stimulation of motor nucleus cells; a,) reflex re- 
sponse; b,) response to direct stimulation 5 min 
after caffeine injection; az, bz) 30 min after injec- 
tion of caffeine in a dose of 2,5 mg/kg; A, B) 
electromyograms recorded in different experiments, 


transmission of excitation or functional changes developing in the intercalary neurons of the experimental reflex, 


SUMMARY 


The effect of the intravenous injection of caffeine upon flexor and extensor reflexes and reciprocal inhibi- 
tion was studied on spinal cats, The change of the motor cell excitability was investigated by their direct stimu- 


We simultaneously recorded the action cur- 
rents which developed during the reflex contractions 
of the same muscle induced by stimulation of the 
ipsilateral popliteal nerve, 


Figure 3 shows electromyograms illustrating 
the results of two typical experiments, It is evident 
from this figure that stimulation of the contralateral 
popliteal nerve induced strong inhibition of the re- 
flex contraction of the muscle and reinforced the 
response of the same muscle to direct stimulation 
by the microelectrode of the cells of its motor nu- 
cleus, Five minutes after the intravenous injection 
of caffeine, both the reflex response and the response 
to direct stimulation of the motor nucleus cells be- 
came intensified, The increase in reflex excitabil- 
ity, however, was not lasting; as soon as 15-20 min 
after the injection, the muscle's reflex reaction be- 
came considerably weaker, while the response to 
direct stimulation of the cells of the muscle's motor 
nucleus remained intensified, In a few experiments, 
the increase in the excitability of the motor cells 
lasted an hour or more after the caffeine injection, 
and was combined with marked depression of the re- 
flex responses of the same muscle, 


Histological investigation showed that the tip 
of the stimulating electrode was located, in the two 
sample experiments, in the region of the motor nu- 
cleus of the anterior tibialis muscle, 


On the basis of the data presented, one can 
conclude that the depression of reflex activity which 
occurs during the second phase of caffein's effect is 
due not to reduced excitability of the motor cells, 
but to either change in the conditions of the synaptic 


lation with the aid of microelectrodes inserted into the gray matter of the spinal cord, Caffeine provokes bi- 
phasic changes in the reflex responses, i,e., the initial brief intensification of the reflexes is replaced by their 
more prolonged depression, Reciprocal inhibition decreases at the phase of reflex intensification, and increases 
during the depressive action of caffeine, Caffeine raises the motor cell excitability in the spinal cord, which 
increase remains manifest during the depression of the reflex responses, This leads to the conclusion that the re- 
flex activity depression during the second phase of caffeine action is caused not be reduced excitability of the 
motor cells, but by the latered condition of the synaptic transmission of excitation, or by the functional changes 


developing in the intercalary neurons, 
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It is well known that antihistamine preparations such as neoantergan, phenergan, dimedrol, etc,, can sup- 
press the toxic effect of histamine on individual organs and on the organism as a whole, 


In addition to this, they exhibit considerable activity in allergy and have an inhibitory effect on anaphyl- 
actic shock, 


However, the mechanism of the protective effect of the indicated preparations in these processes has not 


yet been sufficiently studied, and requires further investigation, 


In particular, the question of whether the desensitizing effect of antihistamine preparations is connected 
with their influence on the specific immunological reactions occurring in the organism during anaphylactic shock, 
i.e., those processes which occur with the participation of complement in which an immunological complex is 
formed between antigen and specific antibodies, has not been studied at all, 


The task of the present work was to study the dynamics of the change in complement titer under the usual 
conditions of the course of anaphylactic shock, as well as under conditions where dimedrol is previously administer- 
ed to guinea pigs in doses which suppress the development of the shock reactions, 


Experimental Methods 


The experiments were carried out with guinea pigs weighing 450-550 g. The animals were sensitized with 
horse serum by a single subcutaneous dose calculated to give 0,01 ml per 100 g of weight of the animal, After 
21 days from the time of sensitization, the guinea pigs were divided into three groups: one experimental, and 
two control, The guinea pigs of the experimental group were first injected subcutaneously with a 1% solution of 
dimedrol in an amount equal to 40-50 mg/kg of weight, and after 35 min, with an intraperitoneal shock dose 
of horse serum in the amount of 0,1 ml per 100 g of weight. ‘ 


The guinea pigs of the second group were injected with serum only, in the same amount as the guinea pigs 
of the experimental group, 


In the third group of animals (technical control), dimedrol and serum were replaced by the administration 
of corresponding amounts of physiological saline solution, 


Blood for determination of complement titer in the serum of the experimental and control animals was 
taken from the heart in amounts of 1-2 ml, In the experimental group, blood was taken before the experiment, 
after the administration of dimedrol, and after 1, 3, 4, 24, and 48 hr following the administration of the resolving 
dose of serum, The same number of blood samples was taken at the same time intervals from the guinea pigs of the con- 
trol groups, 
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tion of dimedrol 

Change in the complement titer of experimental and control guinea 

pigs: 1) when dimedrol and serum were administered; 2) when 

physiological saline solution was administered; 3) when serum was 

administered, 


Serum was obtained from the blood samples collected, and was tested for comple ment content by the usual 
method, 


A total of 22 experiments was conducted, and 139 complement determinations were made, 


Experimental Results 


The intraperitoneal administration of serum in a dose of 0,1 ml per 100 g of weight to the guinea pigs of 
the control group caused severe, although not fatal, shock in all animals, The determination of complement 
titer in these animals gave the following results, A drop in complement was, as a rule, observed after an hour 
following the injection of serum, 


The maximal drop in complement was noted in 3-4 hr, After 24 hr, the complement level leveled off in 


some of the pigs, while in others it continued to remain at a low titer, After two days, the complement titer 
reached the initial level, 


A reduction in blood coagulability was observed parallel with the drop in complement titer, 


The administration of serum to guinea pigs which had previously received dimedrol injections did not cause 
the development of anaphylactic shock, Only in two of the eight animals was it possible to observe slight, quick- 
ly passing reactions exhibited by ruffling of the fur and scratching of the snout, 


The administration of the challenge dose of serum under these experimental conditions did not cause a 
drop in complement titer either, The initial level of complement was maintained throughout the entire experi- 
ment, Moreover, in 48 hr after the administration of serum, complement activity even increased somewhat in 
nearly all of the guinea pigs in this group, 


The administration of physiological saline solution, and the taking of blood from the guinea pigs compris- 
ing the third group, did not affect the change in complement titer of the blood (see figure ), 


The results of the experiments enable us to conclude that, when large challenge doses of serum are ad- 
ministered intraperitoneally to sensitized animals, the development of anaphylactic shock is observed, which is 
accompanied by a drop in complement titer and reduction in the coagulability of the blood, 


The preliminary administration of dimedrol to guinea pigs sensitized with horse serum completely protected 
the animals from anaphylactic shock and, parallel to this, favored the maintenance of complement at the initial 
level. 


Repeated punctures of the heart, the collection of blood from the heart, as well as the administration of 
physiological saline solution, had no effect on the complement level in the blood of the guinea pigs. 


It is commonly considered that a drop in the complement of the blood of animals is associated with a spe- 
cific phase of the reaction, brought about by the union of antigen with antibody. 
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If one adheres to this explanation, it might have been expected that the drop in complement should have 
coincided in time with the development of anaphylactic shock, However, such parallelism was not observed in 
our experiments, Shock usually developed in 10-15 min from the time of administration of the serum, while 
the drop in the complement of the animal's blood came on only after an hour, Furthermore, the maximal drop 
in complement was noted after 3-4 hr, and sometimes even 24 hr following the shock, i.e., after cessation of the 


shock, 


On the basis of the fact that the drop in complement titer did not coincide in time with the development 
of the symptoms of anaphylactic shock, it can be assumed that the changes in the complement system are not 
directly associated with the primary specific reactions. These changes are apparently explained by functional 
disturbances in the nervous system, the respiratory system, and blood circulation, which arise secondarily under 
the influence of toxic products produced as the result of the specific immunological reaction, By preventing the 
disturbances in the indicated organs and systems by the administration of dimedrol to the sensitized animal, we, 
at the same time, also eliminate the causes for the drop in complement titer during anaphylactic shock, 


SUMMARY 


In guinea pigs with anaphylactic shock, provoked by injection of specific antigen, the complement titer 
usually dropped in one hour after its administration, the reduction being maximal in 3-4 hours, In the majority 
of animals, the complement level was restored in 24 hours after the shock, Preliminary administration of di- 
medrol prevented the anaphylactic shock and maintained the complement at the initial level in the guinea pigs. 
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Allergic reactions play a definite role in the pathogenesis of ascariasis, In pulmonary ascariasis, they are 
manifested in the form of Loeffler’s syndrome — transitory eosinophilic infiltration [7,19] while in intestinal 
ascariasis they are manifested in the form of enterocolitis, urticarial rashes and, sometimes, anaphylactic shock, 


In the first stages of the disease in a primary infection, and especially in reinvasion, these reactions pro- 
vide protection for the organism, because, when ascarid antigen combines with antiascarid antibodies at the site 
of the cell, biologically active substances (histamine, acetylcholine) are given off which cause an acute inflam- 
matory reaction around the ascarid larvae. As a result of this, the larvae are immobilized in the tissues and are 
then broken down by phagocytes [9,18]. However, if the allergy does not then become immunity, the beneficial 
factor then becomes a harmful one, Allergic inflammation may cause severe pathological changes in various 
organs and systems: pulmonary atelectasis [8], obturation of the bronchi with mucus [16], attacks of bronchial 
asthma [11,13], inflammation of the meningeal membranes [6], inflammation of the intestinal mucosa and dis- 
tortion of the secretion of intestinal juice [17], disruption of the antitoxic function of the liver [2]. In this case, 
the problem arises of relieving the allergic condition by means of desensitization. 


Since, in pulmonary ascariasis, desensitization may prove to be one of the important types of therapy, we 
conducted a number of experiments devoted to the study of desensitization with vitamin B, in pulmonary ascari- 
asis. 


We selected the given preparation because it promotes the production of intense immunity in experimental 
ascariasis [4], At the same time, it is well known that vitamin B, shows a desensitizing effect in serum and bac- 
terial allergy [3,12,14,20], 


In the first series of experiments, we studied the effect of vitamin By administered from without on the 
development of a strictly allergic reaction in response to ascarid antigen in guinea pigs suffering from ascariasis, 


The experiments were carried out on guinea pigs having an initial weight of 200-225 g, Animals showing 
a daily increment in weight of less than 3 g were not included in the experiment, All experimental animals re- 
ceived 300 invasive ova of Ascaris lumbricoides each, One group of animals daily received vitamin By sub- 
cutaneously in the amount of 570g per course during 21 days, 


On the 21st day after infection, an extract of lyophilized ascarid tissues in the amount of 0,25 ml of a 
1:200 dilution was injected into the animals intracardially,. 


Since, as per our findings, the injection of this amount of antigen caused fatal anaphylactic shock in 100% 
of guinea pigs sensitized by larval ascariasis, we were able to judge the degree of desensitization, 
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The Effect of B, -Hypervitaminosis on the Size The experiments showed that the administration 
of Edema During a Skin Test with Ascarid of excess vitamin B, during experimental ascariasis has 
Antigen in Rabbits Infected with Invasive Ova a desensitizing effect, Control pigs which were on an 


ordinary diet gave anaphylactic shock with a fatal out- 


of Ascaris lumbricoides 
come in all cases, In the guinea pigs with B,-hypervita- 


Animal Amount of Area of minosis, shock with fatal outcome was observed in one 
No, thiamine per | cutaneous edema case out of eight. 
om oF (cm’) However, when evaluating the materials presented 
1 56 by the method of variable statistics, it can be noted that 
2 49 the limit of probability of the result is about 0,3 for the 
3 68 experiment,according to A, Ya, Boyarskii’s approxima- 
4 39 (average tion scale [1], while for the control, the minimal proba- 
M = 53) bility is about 0.7, Therefore, in order to exclude the 
5 6 possibility of the elements of chance, a second series of 
6 10 observations was set up. In this series, the local mani- 
7 27.5 festation of the anaphylactic reaction was studied, The 
8 7.0 experiments were carried out on rabbits weighing 2 to 
9 2.5 2.5 kg, and infected with two doses of 6000 invasive asca- 
10 12 (average rid ova each, with an interval of 21 days, 
M = 9,25) 


One group of animals daily received vitamin B, 
subcutaneously in the amount of 8,75 mg per course, On 
the 29th day of invasion, 0,2 ml of extract of lyophilized ascarid tissues in a dilution of 1:100 was administered 
to all rabbits into the skin of the back, from which the fur had been removed, The results of the reaction were 
recorded after 24 hours, according to the size of the edematous area, The data of the experiment are given in 
the table, 


The results obtained show that in rabbits to which vitamin B, had been administered, the area of cutaneous 
edema varied in the range of 2,5-27,5 cm?, In rabbits which were kept under ordinary conditions, the area of 
cutaneous edema varied in the range of 39-56 cm*, From this it follows that B, -hypervitaminosis weakens the 
cutaneous allergic reactivity of rabbits suffering from larval ascariasis to the parenteral administration of ascarid 


antigen. 
The results of the experiment are treated statistically,* 


As seen from the table, the average area of edema in the B, -hypervitaminosis group was 9.25 cm’, The 


/ (ov)? 
average squared deviation for this group, calculated according to the formula > — j — where n 


n 
is the number of variants, v is the variants and £ is the sum of variants or of their squares, was equal to 19,1, 


In the control group, the average area of edema was 53 cm’, while o calculated by the method described 
above was 12,2, The error of the arithmetic mean in the group of animals which had received the vitamin was 


o 
adler “xen 7.8, while in the control group it was 6,1, The difference between the size of edema in the experi- 


ment and in the control (difference of averages) was 43,75 cm, while the error of the difference, md = Mop — MK, 
was 13,9, In order to answer the question of the validity of the results obtained, we compare the difference with 
its own error according to the formula t = d/ md, where t is the criterion of reliability, d is the difference be~ 
tween size of edema in experiment and in control, and md is the error of difference, The difference is considered 
to be statistically reliable ift = 3, In our experiment, t = 3,2, Consequently, the results of the experiment are 


statistically reliable, 


Thus, the experiments of both the first and second series which have been given enable us to conclude that 
the injection of vitamin B, into animals affected by ascariasis lead to the weakening of their allergic reactivity 
to the parenteral administration of ascarid antigen, 


* All statistical indicators were computed for small samples, 
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In reviewing the causes underlying this phenomenon, it must be noted that, in animals affected by larval 
ascariasis, an excess of vitamin B, raises the titer of circulating antibodies against ascarid larvae, This fact was 
described by us, together with A, N, Mats and I, N, Markovich, in 1958, In the given experiment, we also ob- 
served an increase in the titers of circulating antiascarid antibodies in animals receiving an excess of vitamin By. 
Therefore, it is quite probable that, in animals with B,-hypervitaminosis, antigen administered parenterally can 
be neutralized by circulating antibodies in the vascular system, This prevents the combination of antigen with 
the antibodies fixed in the cells, In this case, the antigen-antibody reaction at the site of the cell is weakened, 
and death of the animal does not occur, 


It can also be assumed that disturbance in acetylcholine metabolism during ascarid invasion, under the in- 
fluence of excess thiamine [5], lead to a decrease in the secretion of this mediator during the course of the strict- 
ly allergic reaction, The intensity of the reaction is therefore weakened, 


SUMMARY 


B,- hypervitaminosis reduces allergic reactivity to ascarid antigen in guinea pigs and rabbits infected with 
Ascaris lumbricoides ova, The course of anaphylactic shock in animals with B, hypervitaminosis is milder, and 
the size of the skin edema, appearing in response to subcutaneous administration of ascarid antigen, is reduced, 
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In clinical practice it is often necessary to deal with a pathologically altered liver (cirrhosis, hepatitis, 
etc.). Hence, it is of considerable interest to investigate the reparative regenerative capacity of a liver affected 
by a particular pathological process, In this plan of work, a study of the regeneration of a cirrhotically altered 
liver is of particular importance, Several authors [1,2,3) have observed a return to normal of the liver structure 
in rats with experimentally induced cirrhosis in the case where the animals were partially hepatotectormized. 


We also carried out experiments of this kind, but on rabbits, Another important difference in our investiga- 
tions was that they were of a morphophysiological nature, i.e., we not only demonstrated the morphological 


changes in the liver, but we also conducted biochemical analysis of the liver tissue, bile, and blood at different 
stages of regeneration, In this paper, we give a brief account of the general results of our experiments, 


Experimental Method 
Cirrhosis was induced in male rabbits by a daily subcutaneous injection of 0.3 ml of carbon tetrachloride 
over a period of 42 days, 


During this period, six rabbits died. The 25 remaining animals developed a pronounced cirrhosis accom- 
panied by ascites, A month after the course of carbon tetrachloride injections was completed, the control and 
experimental (with experimental cirrhosis) animals were subjected to partial resection of the liver— the left 
lobes (comprising a little more than half of the entire organ) were removed, Eight of the operated rabbits were 
sacrificed 2-30 days after the operation; 13 rabbits with experimentally induced cirrhosis, but not subjected to 
resection of the liver, perished during the 10 days after the start of the operations, 


When the animals were sacrificed, their weight and the weight of the liver were determined, In the blood 
we determined the sugar content, total residual reduction, residual nitrogen, proteins, and cholesterol, Pieces of 
liver were taken for a quantitative determination of glycogen, ATP, cholesterol, fatty acids, the dry weight of 
the liver, and the respiration of liver slices in a Warburg apparatus, 


The material for histological examination was fixed in 10% formalin and Bouin's fluid, Some of the pieces 
were embedded in paraffin, and some were cut on a freezing microtome. The sections were stained in hema- 
toxylin-eosin, van Gieson, and Suadn II, 


The number of mitoses were counted in 100 microscope fields (32 mm? slit in eyepiece diaphragm, eye- 
piece 7, objective 90), Sugar in the blood and bile was determined by the Hagedorn-Jensen method, the total 
residual reduction of the blood and bile by Stepun's method, blood proteins by the Robinson-Hogden technique, 
and the cholesterol in the blood and bile by Levchenko's method, The amount of glycogen was determined by 
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Fig. 1. Liver of rabbit with experimentally induced cirrhosis: a) during operation of 
partial resection of liver; b) 30 days after operation, 


the weighing method after extraction from the liver by trichloroacetic acid and precipitation by alcohol; the 
ATP content was found by precipitating it from a protein-free filtrate with mercuric acetate, and subsequent 
hydrolisis in hydrochloric acid, The cholesterol content of the liver was determined by the Engel'gardt-Smirnova 
method, Respiration of the livertissue was determined in a Warburg apparatus by the conventional method, The 
total fatty acid content of the liver tissue was determined by the weighing method after hydrolysis of the wet 
liver tissue in NaOH solution with subsequent acidification by an excess of sulfuric acid solution, extraction of 
fatty acids with ether, and subsequent washing of the ether with water,and evaporation, 


Experimental Results 


On microscopic examination of pieces of liver taken from animals with experimentally induced cirrhosis 
(on sacrifice , death, and partial resection operations) we found an abundant proliferation of connective tissue 
(Fig. 1a). Most of the liver lobes were surrounded by a considerable layer of connective tissue; some of the lobes 
appeared immured in it, The cytoplasm of cells in the center of such lobes was vacuolated, and the cytoplasm 
of cells on the periphery of the lobes adjoining the connective tissue strands appeared homogeneous, We observed 
degeneration and pycnosis in scattered nuclei of the liver cells, In places we found an abundant proliferation of 
bile ducts among the connective tissue, The remaining liver tissue in many spots was considerably modified; in 
places we noted discomplexation of the hepatic cylinders, absence of the typical radial arrangement around the 
central veins, and enlargement of Disse's spaces, 


In experimental animals with developed cirrhosis, which had been operated on, we observed a considerable 
decrease in the amount of connective tissue and an approach of the liver structure towards normal from the end 
of the second week after operation (Fig. 1b), 


Thus, partial hepatectomy suppressed the development of connective tissue in the cirrhotic liver. 


As was shown by a study of the mitotic activity of liver cells (Fig. 2), its most pronounced rise in the con- 
trol animals was observed in the first 5 days after operation; from the 7th day onwards, the mitotic activity 
greatly diminished, In animals with experimental cirrhosis, an increase in mitotic activity in the liver cells was 
also observed in the first 5 days after operation, The mitotic activity was not so high as in the control animals, 
However, when the great number of fields of view occupied by connective tissue was taken into account, the 
mitotic activity of the liver cells per unit area of remaining liver parenchyma in the experimental animals could 
be regarded as just as high as in the controls, 
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Fig. 2. Change in liver weight relative to body weight, and change in 
mitotic activity of liver cells during regeneration of liver with experi- 
mentally induced cirrhosis, 1) Relative weight of liver of rabbits with 
experimental cirrhosis; 2) relative weight of liver of control animals; 
3) mitotic activity of liver cells of rabbits with experimental cirrhosis; 
4) mitotic activity of liver cells of control rabbits, 


The part of the liver left after operation both in the experimental and in the control animals considerably 
increased in weight and size (see Fig. 2), The liver of animals with experimentally induced cirrhosis recovered 
its relative weight more slowly in the first two weeks than the liver of the control animals; however, by the end 
of the month the relative weight of the liver of animals with experimentally induced cirrhosis exceeded the rela- 
tive weight of a normal liver. 


The dry weight of the liver (as a percentage per 100 g of wet tissue) in the control rabbits, which increased 
on the 3rd-5th day after operation, became normal by the end of the first week, and later remained at this level, 


The dry weight of the cirrhotic liver was increased on the 2nd day, and then gradually decreased in the 
course of a whole month, The greater amount of liquid in the regenerated liver of the experimental animals was 
probably due either to the increased hydrophilia of its tissues, or to the greater amount of deposited blood, An 
interesting feature was that, when the ratio of the dry weight of the whole liver to the body weight was calcu- 
lated, we found that not only was the preoperative relative dry weight restored by the 30th day after operation, 
but it even exceeded the initial level of the relative weight of the liver in normal rabbits, 


Among the various indices characterizing the functional state of the liver, we can note three groups: the 
first group includes indices which return to normal; the second includes those which do not return to normal; and 
the third includes indices which undergo relatively slight variation, We found that such indices as the respiration 
rate of slices and the cholesterol content of the bile belonged to the first group. Slices of cirrhotic liver before 
operation absorbed more oxygen than slices of normal liver, During regeneration of the cirrhotic liver and the 
liver of control rabbits, we observed an increase in O, consumption from the 2nd day after operation, the great- 
est values being found after 1-2 weeks in the case of the liver of the controls, and after 2 weeks for the liver of 
experimental animals, By the end of the month after operation, the respiration rate of liver slices from both ex- 
perimental and control rabbits reached normal, 


The cholesterol content of the bile of the experimental and control animals varied in two stages: the 
peaks of the maximum cholesterol content were observed on the 2nd-3rd day and on the 7th day after operation, 


The first increase in the cholesterol content of the bile was much more pronounced in control rabbits, and 
the second peak was more pronounced in the experimental animals, By the 30th day after operation, the cho- 
lesterol content of the bile of the control and experimental rabbits became normal, 


The sugar and cholesterol content, and the total residual reduction of the blood of the control and experi- 
mental animals did not vary significantly during regeneration of the liver. 


The quantity of residual nitrogen in the blood fell on the Sth day after operation in the experimental ani- 
mals; on the 7th day in the controls; and then returned to its initial value, 
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We did not observe a return to normal of 
such indices as the glycogen content, cholesterol 
content, and total fatty acid content of the liver, 
The glycogen content of the cirrhotic liver was 
slightly more than half of that of the normal 
liver (Fig. 3), In the first few days after opera- 
tion, the glycogen content of the liver in the 
control and experimental animals, dropped 
sharply, reaching a minimum on the 5th day in 
the control animals and on the 3rd day in the 
experimental animals, The subsequent course 
of the curves for the glycogen content of the 
liver in the experimental and control animals 
was different, In the liver of the control rabbits 
the glycogen content gradually increased and 
had returned to normal level by the end of a 
month; in the experimental animals, the increase 
in glycogen content by the 5th- 7th day after 
operation gave way to a considerable fall by the 
14th day, and by the end of a month the glyco- 
gen content of the liver was not only lower than 

7 es ad in the control animals at this time, but waseven 
Days after operation lower than the initial glycogen content of the 
cirrhotic liver, 
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Fig. 3. Change in fatty acid and glycogen content of 

liver during regeneration of liver with experimentally in- The total fatty acid content of the liver 

duced cirrhosis: 1) in experimental rabbits; 2) in control in the control animals, which increased by the 

rabbits, 2nd day after operation, gradually fell, and by 
the end of a month reached the normal level 


(see Fig. 3), In the liver of the experimental animals we also observed a rise in the total fatty acid content on 
the 2nd day after operation; however, following the fall on the 3rd-7th day, a considerable rise took place, so 

that, by the 30th day, the initial preoperative background was exceeded, Thus, in contrast to the controls, the 
fatty acid content of the liver of the experimental animals had not returned to normal a month after operation, 


The fat content revealed by Sudan III staining in the liver of the experimental animals varied in the same 
way as in the control animals during the first 2 weeks after operation, By the end of the first week, infiltration 
by large fat droplets gave way to infiltration by small fat droplets, and the fat content of the liver returned to 
normal by the end of the 2nd week, However, by the end of a month the fat content of the liver of the experi- 
mental animals was much higher and was manifested in the form of fine-droplet infiltration of the individual 
liver cells, The fat content of the liver of the experimental animals was comparably higher in the first few days 
after operation as compared with the 30th day, whereas the biochemical determination of the total fatty acid 
content of the liver showed higher figures on the 30th day, The increase of the total fatty acid content at this 
time was apparently due to bound forms of lipids (possibly, lipoprotein) which are not revealed by Sudan III stain- 
ing. 


The cholesterol content of the liver of the experimental animals by the end of a month after operation 
greatly exceeded the preoperative level, whereas, in the controls, it had returned to normal, 


The sugar content of the bile of the experimental and control rabbits in the first few days after operation 
varied in parallel, increasing on the 3rd-5th day, The sugar content of the bile of the control rabbits then fell 
to normal (14th day), and was later maintained at this level; in the bile of the experimental animals it was a 
little lower by the 30th day than in the control animals, The total residual reduction of the bile of the control — 
and experimental animals varied insignificantly, Preliminary data on the ATP content of liver indicated lower 
levels in the liver of experimental animals as compared with controls during the whole postoperative period, 


An analysis of the biochemical changes at different times during regeneration showed the following. In 
the control animals on the second postoperative day, when the most pronounced histological changes in the liver 
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were observed (degenerative changes in liver cells, fat infiltration, mitotic division of liver cells), the glycogen 
content of the liver fell sharply, the fatty acid and cholesterol content of the liver increased, and the respiration 
of the liver tissue was enhanced, On the 5th-7th postoperative days, in the period when the weight and size of 
the liver increased most rapidly and the mitotic activity of the liver cells was most pronounced , we observed a 
reduction in the dry weight of the liver, an increase in glycogen, and return to normal of the fatty acid content 
of the liver, a reduction of the cholesterol content of the liver, bile, and blood, and the maximum respiration of 
liver slices, In the period during which liver regeneration was completed (14th-30th day), the dry weight of the 
liver, the glycogen, fatty acid and cholesterol content of the liver, blood, and bile, the residual nitrogen in the 
blood, and the respiration of liver tissue slices, became normal, 


In contrast to the control animals, the dry weight of 100 g of liver in the animals with experimentally in- 
duced cirrhosis increased on the 2nd-3rd day after operation, The glycogen content of the liver fell, its fattv 
acid and cholesterol content increased, and the cholesterol content of the blood (above normal) and bile (four 
times initial level) increased, From the 3rd day, the residual nitrogen of the blood decreased considerably. 


On the 5th-7th day after operation, the total dry weight of the liver increased with a drop in the dry weight 
of 100 g of liver; the total fatty acid content was reduced almost to the initial level; the glycogen and cholesterol 
content of the liver reached the normal level; the respiration of liver slices returned to normal; the residual nitro- 
gen and cholesterol content of the blood became a little less than the initial values, and there was a considerable 
increase in the cholesterol content of the bile, The fat and carbohydrate metabolism appeared to be normal, 


During the 14th-30th day, the total dry weight of the liver became normal with a reduction in the dry 
weight of 100 g of liver; the fatty acid and cholesterol content of the liver increased considerably; the cholesterol 
content of the blood and liver returned to normal; the residual nitrogen of the blood lay within normal values, 
Respiration of liver slices, which was enhanced on the 12th day, became normal by the 30th day, The glycogen 
content of the liver by the 30th day was still much lower than the initial level, 


Thus, the most pronounced changes in the biochemical indices were observed in the first few days after 
operation, By the end of the first week, the majority of indices had become normal both in the experimental 
and in the control animals, 


However, in the experimental animals after the 2nd week, in contrast to the controls, we noted an increase 
in the fatty acid and cholesterol content of the liver, and a considerable fall in the glycogen content of the liver. 


The obtained results showed that liver with experimentally induced cirrhosis is capable of reparative re- 
generation, By the end of a month after the partial resection operation, the liver not only reached its initial 
weight, but even surpassed it, In the regeneration of liver with experimentally induced cirrhosis, we observed a 
distinct reduction in the amount of connective tissue and an approach of the liver structure to normal, A fact of 
great importance was the death of all the animals with experimentally induced cirrhosis which were not subject- 
ed to the operation of partial resection of the liver, It would appear that when half the cirrhotic liver is removed, 
the regeneration of the remaining parenchyma is stimulated to a greater extent than the multiplication of the 
connective tissue, and the amount of the latter progressively diminishes during regeneration of the liver. 


The results of the biochemical analysis, conducted at different stages of the regenerative process, indicate 
that during regeneration there is a change in several biochemical indices, some of which later approach normal 
values, while others (glycogen, fatty acid, and cholesterol content of liver) do not become normal by the end of 
a month, Thus, though the liver structure approached that of a normal liver, and the amount of connective tissue 


SUMMARY 


Cirrhosis of the liver, accompanied by ascites, was induced in rabbits by subcutaneous administration of 
carbon tetrachloride, and one-half of the liver was subsequently removed, A marked reduction in the amount of 
connective tissue, with the structure of the liver approaching normal, was observed during regeneration of the 
cirrhotic liver, The weight of the liver was restored to normal, 


Animals with experimentally induced cirrhosis of the liver, and not subjected to partial resection, perished, 
At various stages of the regenerative process, biochemical analysis of liver tissue, blood, and bile were carried 
out, Some of the biochemical indices became normal, whereas the glycogen, fatty acid, and cholesterol content 
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in it was greatly reduced, there was still no return to normal of all the biochemical indices a month after operation, 
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of the liver was not restored to the normal level even by the end of the month, After excision of one-half of 
the cirrhotic liver, regeneration of hepatic parenchyma is evidently greater than the connective tissue prolifera- 
tion. 
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Regeneration of the ovary after resection has usually been brought about when the opposite organ is ex- 
tirpated at the time of resection [1-8]. This gives rise to the question of whether the reaction of the ovary to in- 
jury in these conditions should not be regarded as compensatory hypertrophy rather than regeneration, and what 
precisely is the response to extirpation of the opposite organ, 


In order to discover if the ovary is capable of regeneration, i.e., of restoration after part of it is removed, 
we carried out experiments in which the compensatory reaction was ruled out beforehand, We studied the re- 
sponse to injury in an ovary which had already undergone compensatory hypertrophy, Moreover, we wanted to 
find out if the capacity of ovarian cells for proliferative activity was exhausted after the intensive restorative 
processes constituting the response to extirpation of the opposite organ. 


Experimental Method and Results 


The objects of study were white rats weighing 100-120 g each, Altogether, we carried out five series of 
experiments with 10-14 animals in each series, 


The nature of the experiments and the results of weighing the ovaries are shown in Table 1, 


From the animals in the first, second, and third series of experiments we extirpated the right ovary (uni- 
lateral castration) in order to induce compensatory hypertrophy of the remaining ovary, Six weeks after the opera- 
tion, the animals of the second series were sacrificed, As was to be expected, the remaining ovary underwent 
compensatory hypertrophy, Its weight (absolute 57.4 mg and relative 0.33°%%)was more than 1} times the weight 
of the ovary (absolute 37 mg and relative 0,2%o)in the control animals (fifth series), To demonstrate the regenera- 
tive capacity of an ovary which had undergone compensatory hypertrophy, we extirpated half of the hypertrophied 
ovary in the animals of the first series six weeks after the first operation, The weight of half the hypertrophied 
ovary (absolute 24,8 mg and relative 0.13% )was a little less than the weight of the whole ovary in the control 
animals, 


For a comparison of the course of the regenerative processes after resection of an ovary subject to hyper- 
trophy, and an intact ovary, we completely extirpated the right ovary and half of the left from the animals of 
the fourth series, With this type of operation we had previously observed regeneration of the ovary in mice, rats, 
and monkeys [1,2,3]. 


Six weeks after the second operation (resection of hypertrophied ovary), and three months from the start of 
the experiment, all the experimental animals (second, third, and fourth series), and the controls (fifth series), 
were sacrificed, Regeneration was discovered both in animals of the fourth series and in animals of the first series 
of experiments, The rate of the regeneration process was found to be roughly the same, The weight of the 
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TABLE 2 
Number of Generative Elements in Ovaries of Rats in Each Series 


Number per section Total number 


Series Corpora follicles primordial | generative 
lutea primordial jripening atresic follicles in |elements 
whole ovary] per section 
First — regeneration of hyper- 


trophied ovary 14 4.2 4.0 
Second — hypertrophy of ovary 
(6 weeks after unilateral 
castration) 
Third — hypertrophy of ovary (3 
months after unilateral castration) 
Fourth — regeneration of ovary 
(right ovary and half of left 
removed) 17 21.3 
Fifth — control (mean from two 
ovaries) 18 3.6 719 66 20.0 


regeneration process was found to be roughly the same, The weight of the regenerated ovary in animals of the 
fourth series (absolute 51.2 mg, relative 0,23%)),and first series (absolute 58,2 mg, relative0.25%p), was consider- 
ably increased, being approximately twice the weight of the whole ovary in the control animals (fifth series: ab- 
solute weight 31,1 mg, relative 0.13% sacrificed at the same time, 


Thus, going by the weight data and the restoration of the normal form of the organ, we can speak of the 
ability of the ovary to undergo regeneration after compensatory hypertrophy. 


In animals of the third series (with unilateral castration) compensatory hypertrophy effects were observed 
three months after the operation, The weight of the remaining hypertrophied ovary (absolute 63 mg, relative 
027%/y) was twice that of the whole ovary in the control animals (absolute 31,1 mg, relative 0.13%). 


If the weight of the ovary in animals of the third and second series is compared, it can be noted that, dur- 
ing the subsequent six weeks, the weight of the ovary in rats of the third series hardly changed at all (slight in- 
crease in absolute weight — 63 mg against 57,4 mg, but the relative weight was reduced — 0.27% against 0.33%). 
Hence, the compensatory hypertrophy took place mainly during the six weeks after operation, and the later hy- 
pertrophy was slight, 


We made a histological study of the ovaries of the experimental and control animals, and also counted the 
number of generative elements, The count was made in every fifth section of ovaries serially cut at 8, We de- 
termined the number of primordial follicles at different stages of development, and the number of atresic follicles 
and corpora lutea, We determined the mean number of these elements in a section, We noticed that each prim- 
ordial follicle appeared on not more than three to four sections through the ovary and, hence, the total number 
of primordial follicles which we counted corresponded roughly to the total number of primordial follicles present 
in the whole ovary, The results of the count are given in Table 2, We subjected these figures to statistical treat- 
ment; below we analyze only those differences which were statistically significant. 


As the data of Table 2 reveal, in the case of regeneration of half the resected ovary,in animals of the first 
and fourth series of experiments it was the specific structural components of the ovary which were regenerated, 
For instance, the total number of generative elements per section increased to 21,7 in the regeneration of the 
ovary of animals of the first series, This indicates the formation of structural ovarian elements during regenera- 
tion, since the half of the hypertrophied ovary ought to have contained approximately 14 (half of 28; see second 
series), The number of primordial follicles increased from 40 to 67, i.e., reached the number of primordial foi- 
licles in the control, nontraumatized ovaries (66), In the ovary of animals of the fourth series, there was approxi- 
mately the same number of primordial follicles as in the ovary of the control animals, thus indicating that their 
number was restored, Judging from the number of ripening and atresic follicles per section, the maturation of 
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Fig. 1. Section through regenerated ovary which had previously 
undergone compensatory hypertrophy (first series of experiments), 
Recovery of normal shape of organ, Photomicrograph, Magni- 
fication 23 x, 


the follicles in the regenerating ovaries of rats of the fourth group (5.6) and first series (4.2) was a little more 
rapid than in the ovaries of the control animals (3.6), and the atresic of the follicles was almost twice as pro- 
nounced in ovaries of the control animals (7,9) as in the regenerating ovaries of animals of the fourth (3,7) and 
first (4.0) series, 


We should also note that during regeneration of the ovary — both the uninjured ovary and the ovary which 
had undergone hypertrophy — the number of corpora lutea increased considerably; there were almost twice as 
many as in the controls, Similar changes were also noted in hypertrophy of the ovary after unilateral castration, 
The number of corpora lutea was greatly increased, Six weeks after operation there were 13,6, i.e., more than 
twice as many as in the ovary of control animals (6.4), In the case of hypertrophy, we also noted some intensi- 
fication of the maturation processes in the follicles, and atresia took place at a somewhat lower level than in 
normal animals, 


A very interesting feature was the increase in the number of primordial follicles in the case of compensa- 
tory hypertrophy of the ovary (both the total number and the mean number per section) in comparison with their 
number in intact animals, For instance, six weeks after unilateral castration, the total number of primordial 
follicles in the hypertrophied ovary was 80, and there were 1.7 per section; three months after operation, the 
total number of primordial follicles was unchanged — there were 81, and there were 1.8 per section, whereas in 
control animals the total number of primordial follicles in the ovary was only 66, with 1.8 per section, The 
total number of generative elements in compensatory hypertrophy was also greater (28 after six weeks, and 27,2 
after three months) than in the controls (20.0), 


Thus, an analysis of the information obtained indicates that the ovary in which hypertrophy had previously 
taken place was capable of regeneration after its resection, The normal shape of the ovary was restored, and the 
weight of the ovary was considerably increased by the specific structural components of the organ (Fig. 1). In 
this case, we observed normal functioning of the ovary (restoration of regular sexual cycles, presence of pregnancy, 
and so on), 


The regeneration of the hypertrophied ovary was similar to the regenerative process after resection of half 
of the ovary and simultaneous extirpation of the opposite ovary. In the latter case, the initial shape of the organ 
was again restored, the weight of the remaining portion was considerably increased by specific structural compon- 
ents, and the relation between the generative elements was close to normal, The regenerated ovary functioned 
normally, 
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Fig. 2. Section through hypertrophied ovary after unilateral 
castration (third series of experiments), Photomicrograph. 
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Fig. 3, Formation of primordial follicles at site of follicular 
epithelium in regenerating ovary (fourth series of experiments), 
Photomicrograph, 


Thus, compensatory hypertrophy has features similar to those of the regenerative process, The considerable 
increase in weight of the hypertrophied ovary is due mainly to the increase in the number of corpora lutea; a 
similar situation was observed in the case of regeneration, In addition, we noted an increase in the total number 
of generative elements per section, and an increase in the number of primordial follicles (Fig. 2), Hence, forma- 


tion of primordial follicles occurs not only in the case of regeneration, but in the case of compensatory hyper- 
trophy too, 


During regeneration of the resected ovary, we sometimes observed pictures indicating the formation of 
primordial follicles at the site of the follicular epithelium (Fig, 3). 
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The ovarian regenerative processes induced by removal of half of one ovary and the simultaneous extirpa- 
“ tion of the other organ, as weli as those induced by resection of a previously hypertrophied ovary, and also the 
“i "i compensatory hypertrophy of an ovary after unilateral castration, are undoubtedly regenerative processes arising 
a in response to injury to the ovary, to the removal of some amount of functioning ovarian tissue, 


When a large amount of ovarian tissue is removed , the proliferative processes are more rapid, The declin- 
ing proliferative processes arising in response to injury can be enhanced again, For instance, after compensatory 
hypertrophy, rapid proliferative processes are observed when the remaining ovary is injured (resection of half), 
and these processes lead to the restoration of a normally functioning organ, 


SUMMARY 


Six weeks after unilateral castration in female rats weighing 120 g, half of the hypertrophied ovary was re- 
sected, A considerable increase in the weight of the ovary in 1} months was found, The weight of the ovary was Fy. 
150% of that in the controls, The number of primordial follicles increased during the process of regeneration, 
ss The total number of generative elements reached the same value as in the control animals, The regenerative 
= process ran a similar course to that observed in the resected ovary, provided complete removal of the paired organ 
was done, 
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Investigations conducted in recent years, mainly on corneal epithelium, have revealed the important role 
of the central and peripheral divisions of the central nervous system in the regulation of mitotic activity [1,4,5, 
8,11]. The relation between the mitotic activity in the epithelium of Lieberkuhn's crypts and the state of the 
nervous system has been studied by relatively few investigators [2,3,6,11], and this question cannot be regarded 
as adequately clarified. 


The problem of the present investigation included a study of the effect of changes in the peripheral divi- 
sions of the nervous system on the mitotic activity in the epithelium of Lieberkuhn's crypts. 


Experimental Method 


The experiments were conducted on 104 sexually mature white male rats weighing 180-200 g each, In 
animals of the first group, we studied the mitotic activity after partial compound denervation of different portions 
of the intestine, and in animals of the second group after alteration of the state of the autonomic divisions of the 
nervous system by the injection of pharmacological agents, 


With animals of the first group, we conducted two series of experiments, In the first series, the innervation 
was destroyed by separation and transection of two or three of the intestinal nerve branches which pass in neuro- 
vascular bundles through the mesentery to the portion of the ileum located 6 cm from its junction with the cecum, 
On the 5th, 10th, and 15th postoperative days, we studied the mitotic activity of this portion (distal) and a por- 
tion situated 5 cm proximal of the first (first proximal), 


In the second series of experiments, the destruction of innervation was effected by incision of the mesen- 
tery at its site of attachment to the intestinal loop over a distance of 2 cm along the intestine, In some of the 
-animals of this series we destroyed the innervation of the same portion of the intestine as in the previous series 
of experiments (distal), and in the rest of the animals we denervated the portion situated 5 cm from the pyloric 
part of the stomach (second proximal), In all the animals of this series, we studied the mitotic activity in the 
epithelium of the second proximal and distal portions of the intestine on the 10th postoperative day. 


The second group of investigations also included two series of experiments, In the first series we studied 
the mitotic activity in the case of enhanced tonicity of the sympathetic division of the nervous system (a single 
subcutaneous injection of adrenalin in a dose of 1 mg per 1 kg of body weight), and in the second series of ex- 
periments — in the case of enhanced tonicity of the parasympathetic division [single subcutaneous injection of 
proserine (neostigmine) in a dose of 0,1 mg per 1 kg of body weight], In both series, the intestine was studied 
1} hr after injection of the autonomotropic substances, 
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TABLE 1 
Change in Mitotic Activity After Transection of Intestinal Nerve Branches 


Number of mitoses (M + m) Difference be- | Criterion of sig- 
Subgroup tween control nificance of 
and experiment | difference of 
(Me — Mg) means 


_ (Mg Mg) 


~ (me* +me 


proximal portion distal portion Bas wa distal 


Control 389 + 18,4 359 + 19 
(5 animals) 

Expt. 276 + 31.2 278 4 20.3 
(8 animals) 

Control 364+ 16,1 3674 14.4 
(7 animals) 

Expt. 322 4 21.7 238 + 16,9 
(10 animals) 

Control 348 + 20 370 + 26,1 
(6 animals) 

Expt. 299 + 26.3 293 + 27.4 
(9 animals) 


Time after 
operation 


10th day 


15th day 


TABLE 2 


Change in Mitotic Activity After Incision of the Mesentery at the Proximal and Distal Portions of the Intestine 
(10th Postoperative Day) 


Number of mitoses (M + m) |Difference between 2nd |Criterion of significance of 


Operation i proximal and distal difference of means 


portions in absolute - (Mprox — Mdist) 


units (Mprox ~ Mdist) ater 


Destruction of innervation 

in second proximal portion 

(9 animals) ° 406 + 31 
Destruction of innervation 

in distal portion (9 

animals) 383 4 19.9 282 + 18.7 


In addition to the experimental animals, each series of experiments included approximately the same 
number of control animals, All the animals before the experiment and after it were kept in the same conditions, 
In the series of experiments involving partial compound denervation, we opened up the abdominal cavity of the 
control animals and stitched it up again, In the series in which the autonomotropic substances were used, we in- 
jected an equal quantity of physiological saline into the control animals, In every case, the experimental and 
control animals were sacrificed by decapitation at the same time of day, three to four hours after being fed, The 
portion of the intestine, cut up lengthwise and spread on thin card, was fixed in Maximow's fluid or alcohol- 
formalin, In paraffin-embedded hematoxylin-stained 8 sections prepared from this portion, we counted the 
number of mitoses in 100 fields in every case, The field of view was delimited by a 3,8 X 5,5 mm diaphragm 
inserted in the ocular. Under magnification by ocular 7 and objective 90, the diaphragm isolated a region of 
mucous membrane containing the entire width of the longitudinally sectioned crypt and a 68,75p portion of its 
length, By gradually shifting the preparation in one direction along the length of the section, we used crypts in 
which the bottom and all of the lumen right up to the mouth were visible, Since the diaphragm delimited only 


5th day 
42 |129 1.55 | 5.81 
49 17 1.48 2.0 
proximal portion 
portion 
4 
101 3,7 
| 
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TABLE 3 


Mitotic Activity 1} Hr After Subcutaneous Injection of Adrenalin and Proserine 


Number of mitoses | Difference between Criterion of significance of 

(M+ m) control and experi-| difference of means 

ment (M, Mc) (Me Mg) 


2 2 
+ ) 


Series Subgroup 


Control 


Third (7 animals) 
(adrenalin) Experiment 
(7 animals) 
Control 
Fourth (14 animals) 
(proserine) Experiment 


(13 animals) 


region situated above, and so on over the whole length of the crypt. In this way, we counted 100 diaphragm- 
limited fields, The results were subjected to statistical treatment. 


Experimental Results 


The results of the mitotic count in animals of the first series of the first group of investigations are given 
in Table 1 in the form of mean numbers for the experimental and control of animals, 


An analysis of these results shows that in animals with destroyed intestinal innervation, the number of mi- 
toses in the crypt epithelium was reduced on the 5th postoperative day both in the intestinal portion (distai) sup- 
plied directly by the transected intestinal nerve branches, and in the portion (first proximal) adjacent to it, In 
the distal portion the reduction was 23%, and in the first proximal portion 29%, of the number of mitoses in the 
corresponding portions of the intestine of the control animals (the difference was statistically significant in the 
first proximal portion, and almost significant in the distal portion of the intestine), 


By the 10th day, the number of mitoses in the crypts of the distal portion of the intestine had fallen still 
further [the difference in the numbers of mitoses in this portion of the intestine in the experimental and control 
animals was 35% (statistically significant)}], At the same time, the number of mitoses in the first proximal por- 
tion approached normal (the difference in the number of mitoses in the first proximal portion in the control and 
experimental animals was now 12%), Consequently, in the experimental animals, there was now a difference in 
the numbers of mitoses in the distal and first proximal portions, The mitotic activity of the portion supplied by 
the transected nerve branches was 26% lower on the average than the mitotic activity of the adjacent portion 
(statistically significant difference), In the control animals, the difference in the numbers of mitoses in these 
same portions did not exceed 6%, 


By the 15th day after partial denervation of different loops of the intestine, the mitotic activity in the 
crypt epithelium in the experimental animals had returned to normal, On statistical analysis of the figures the 
difference in the numbers of mitoses in the control and experimental animals was found to be insignificant (in 
the distal portion the number of mitoses in the experimental animals was 17% lower, and in the first proximal 
portion 14% lower), There was no difference in the numbers of mitoses in the crypt epithelium in the distal and 
first proximal portions of the intestine. 


Thus, in the portion of the intestine with destroyed innervation, the number of mitoses was reduced, A 
change of similar nature, only less pronounced, occurred in the adjacent portion, In the latter case, the change 
was probably due to the proximity to the portion with destroyed innervation and the close nervous links between 
these portions, 


In the second series of experiments, we counted the number of mitoses not in the adjacent portions of the 
ileum, as in the first series, but in the portion of the ileum (distal) and in the portion located 5 cm from the 


part of the length of one crypt, we counted the mitoses successively in the region next to the bottom, then in the 


4 

a 400 + 12.9 

271 + 12 
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pyloric part of the stomach (second proximal), According to published results [9] and the results of our own counts, 
there are no differences in the numbers of mitoses in these portions of the intestine in intact animals, The num- 
bers of mitoses in these portions after the destruction of innervation in one of them are shown in Table 2, 


It follows from Table 2 that the number of mitoses in the epithelium of Lieberkuhn's crypts of intestinal 
portions with destroyed innervation, irrespective of whether the portion is the distal or second proximal, was 
lower than in the portions situated at a considerable distance from the site of damage: In the second proximal 
portion the reduction was 32%, and in the distal portion it was 26%, 


In cutting the mesentery in the second series of experiments, we damaged the tiny blood vessels as well 
as transecting the nerve branches, However, the changes in the numbers of mitoses in these animals did not dif- 
fer from the changes in animals in which only the nerve branches were cut, 


We can infer from this that a relatively slight disturbance of the blood supply has no particular effect on 
the mitotic activity on the 10th postoperative day, 


The first group of investigations shows that partial denervation of different portions of the intestine causes 
a reduction of mitotic activity in the epithelium of Lieberkuhn's crypts in these portions, The reduction is most 
pronounced on the 10th postoperative day. This kind of change in mitotic activity occurs also in other organs 
[5,8,12], and indicates the role of the state of the nervous system in the regulation of cell division, 


In the second group of investigations (third and fourth series), we tried to determine the role of certain 
parts of the peripheral nervous system in the regulation of cell division, 


The literature contains some information on the nature of the part played by the sympathetic division of 
the nervous system in the regulation of mitotic activity in corneal epithelium: The sympathetic division of the 
nervous system has an inhibiting effect on mitotic activity, and the parasympathetic division has a stimulating 
effect [7,10]. 


The results of our counts of the numbers of mitoses in the epithelium of Lieberkuhn's crypts in the case of 
enhanced tonicity of the sympathetic or parasympathetic divisions of the nervous system are shown in Table 3, 


Table 3 shows that the injection of adrenalin leads to a mean reduction of 32% in the mitotic activity, 
while the injection of proserine produces no changes in mitotic activity (the autonomotropic agents were in- 
jected in doses which affect the mitotic activity of corneal epithelium) [10]. 


An analysis of the cited results shows that the mitotic activity in the epithelium of Lieberkuhn'‘s crypts 
depends on the state of the peripheral divisions of the nervous system, In its main features, this relationship is 
of the same nature as the relationship between the mitotic activity and the state of innervation in the tissues of 
other organs, 


In addition, we should note a certain special feature in the regulation of the mitotic activity in the epi- 
thelium of Lieberkuhn's crypts by the autonomic system, This is the similarity between the response of cell di- 
vision in the epithelium of the intestinal crypts, and the response of cell division in other organs to change in 
the sympathetic nervous system, and the absence of such response to change in the parasympathetic nervous sys- 
tem, 


SUMMARY 


Experiments were performed on albino rats, Two to three intestinal nerve branches were cut in the mesen- 
tery of the small intestine, and the mesentery was cut (2 cm) at the site of attachment to the intestinal loop, 
Mitosis was reduced by 26-35% on the 10th postoperative day as compared with the intestine of control animals, 
and the intact intestinal loop in the operated animals, Enhanced sympathetic tonicity (adrenalin administration) 
reduces the mitotic activity in the epithelium of the small intestine, whereas enhanced parasympathetic tonicity 
(proserine administration) has no effect on this activity, Changes of the mitotic activity in the epithelium of 
the crypts following surgical intervention on the peripheral nervous system point to the relationship of this activ- 
ity to the state of the nervous system, 
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We showed [3] that, in the early stages of cultivation of primary explanted kidney tissue, there was a pro- 
nounced fall in alkaline phosphatase activity, It was suggested that there might be a connection between this 
effect and the processes of adaptation of cells to new conditions of existence, In view of this, we undertook a 
study of other energetic enzymes (respiratory enzymes, phosphatases) in primary explanted and transplantable 
cultures, The presupposition of this investigation was that there might be differences in the level of activity and 
the dynamics of energetic enzymes in these two groups of tissue cultures, 


The aim of the present work was a comparative cytochemical study of succinic dehydrogenase activity in 
epithelial cells of monkey kidney tissue and in a stable cell population HEp-2, 


The number of cytochemical works devoted to the study of succinic dehydrogenase activity in tissue culture 
cells is small, It has been shown that the succinic dehydrogenase activity in primary explants of human malig- 
nant tumors and in the cultivation of tissue obtained from other centers of rapid cell multiplication is extremely 
high [6,7]. In an investigation of succinic dehydrogenase in HeLa cells [5], a high level of activity was found on 
the 1st-2nd day of growth of the culture, 


A biochemical study of 7 to 10-day-old monolayer cultures of monkey kidney cells and cells of the trans- 
plantable stain HEp-2 [1,2] revealed a reduction in the rate of succinic dehydrogenase activity in comparison 
with cells taken immediately after trypsinization, However, these papers contained no data on the course of the 
changes in the enzyme activity during cultivation, 


Experimental Method 


As the primary explanted culture we used epithelial cells of the kidney cortical matter of rhesus monkeys. 
For preparing the tissue culture, the cortical substance was treated by Younger's method [9] and batches of 1,5 
million cells (concentration 100,000 cells per 1 ml) were put into 100 ml Povitskaya flasks, The cells were 
grown for 20 days in a nutrient medium (Hanks' solution — 97.5%, lactalbumin hydrolyzate — 0.5%, bovine serum — 
2%, antibiotics) at pH 7.5 and the medium was changed every 6-7 days, 


As the transplantable strain we used HEp-2 cells derived from a human laryngeal carcinoma, A suspension 
of these cells was obtained by the method commonly adopted in virological practice, The cells were resuspended 
in medium No, 199 with 10% bovine serum and antibiotics, Fifteen-ml batches of the suspension (750,000 cells) 
were put into Povitskaya flasks, The cells were cultured for nine days without change of medium. 
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Fig. 1. Succinic dehydrogenase activity in tissue culture cells, 
Suspended cells before cultivation: a)cells of rhesus monkey 
kidney tissue; b) cells of HEp-2 strain, Photomicrograph, Mag- 
nification 2000 x, 


a 


Fig. 2. Succinic dehydrogenase activity in tissue culture cells on first day 
of cultivation: a) cells of rhesus monkey kidney tissue, Magnification 
2000 xX; b) cells of HEp-2 strain, Magnification 500 X, Photomicrograph, 


For the cytological and cytochemical investigation in both series of experiments, the flasks contained mica 
strips, on which the cells grew. The material was examined daily during the whole period of culturing, The suc- 
cinic dehydrogenase activity was studied with the aid of neotetrazolium chloride by Seligman and Rutenburg's 
method [8] in Hirono'’s modification [4], The incubation medium contained equal quantities of 1% neotetrazoli- 
um solution, 0.2 M sodium succinate solution, and 0,5 M phosphate buffer (pH 7,6), For a study of the endogen- 
ous dehydrogenase activity, the sodium succinate was replaced by a corresponding amount of physiological saline, 
The cells were incubated in freshly prepared substrate for two hours at 37°, fixed for 10 min in 10% neutral forma- 
lin, washed in two changes of flowing and distilled water, and, in certain cases, counterstained with methyl green 
and mounted in glycerine, Three series of experiments were made with each culture, The succinic dehydrogen- 
ase activity in the cells was determined from the precipitation of formazan deposit, We estimated the intensity 
of the reaction in nominal units (from + to ++++), For the morphological study, the material was fixed in Bouin's 
fluid and stained with Mayer's hematoxylin and eosin, The results obtained in all the series were of the same 
nature, We can conclude from this, despite some slight fluctuations, that the experimental results are reliable, 
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Fig. 3. Succinic dehydrogenase activity in tissue culture cells on 
sixth day of cultivation: a)cells of rhesus monkey kidney tissue; 
b) cells of HEp-2 strain, 


We also used the same method to study frozen sections of kidney cortical matter and cells of suspensions 
of the two cultures before inoculation, 
Experimental Results 


Kidney tissue culture, On investigation of fresh frozen kidney slices, we found that the succinic dehydro- 


genase activity in the cells of the tubules was extremely high, The epithelium of the straight tubules contained 
a particularly large amount of deposit, It should be noted that the enzyme activity in the cells of some tubules 
was relatively low, this being probably due to their physiological state at the time of investigation, No diforma- 
zan deposit was found in the Malphigian corpuscle, The endogenous dehydrogenase activity was fairly high only 
in some of the straight tubules, 


The suspension of cortical kidney matter before cultivation consisted of cells of rounded form with a com- 
pact, centrally placed nucleus, The overwhelming majority of the suspended cells contained a diformazan de- 
posit, which filled the whole cytoplasm (Fig. 1a); this deposit consisted of granules of various sizes and acicular 
crystals, Some cells contained so much deposit that the outlines of the nucleus were difficult to detect, while in 
others the distribution of deposit was mainly perinuclear, In a few cells the reaction was very slight or absent 
altogether, A comparison of suspended cells incubated with and without the addition of sodium succinate re- 
vealed no essential differences in the nature and distribution of the deposit; this indicates a relatively high level 
of endogenous dehydrogenase activity, 


In the early stages of growth of the kidney cell culture, there was a considerable decrease in their enzym- 
atic activity: during the first 3 days of cultivation they were either completely devoid of deposit, or contained 
a very slight quantity of it (Fig. 2a), On the 3rd or 4th day we observed the appearance and subsequent increase 
of the diformazan content, which reached a maximum by the 5th or 6th day (Fig. 3a), After 10-11 days of 
cultivation, the intensity of the reaction fell and remained relatively low until the end of the experiment, 


During the 3rd-7th days of cultivation, the endogenous dehydrogenase activity was very pronounced, How- 
ever, by the 6th or 7th day the intensity of the reaction was reduced, so that, by the last days of the experiment, 
only a few cells contained diformazan deposit, 


A thorough investigation of the culture showed that the cells, even those similar in morphological features, 
contained different amounts of deposit, More pronounced differences, affecting both the intracellular distribution 
of deposit and the degree of deposition were noted in cells of different morphological type [3]. For instance, in 
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"*nidal* cells, the deposit was either absent altogether throughout the period of cultivation, or was found in ex- 
tremely small quantity. In “flat” cells, the deposit granules were localized predominantly around the nucleus, 
whereas "fusiform" cells were characterized by a diffuse distribution of deposit, We noted a change in the nature 
of the precipitate during cultivation, While, at the early stages, it consisted of tiny homogeneous granules, from 
the 12th-14th day onward the deposit in certain cells consisted of coarse clots of irregular shape. Probably the 
change in the diformazan de position with age was due to age-induced changes in the morphology of the cell 
mitochondria, 


HEp-2 culture, The cytoplasm of the majority of cells of the suspension immediately before cultivation 
contained a considerable amount of diformazan deposit (see Fig. 1b) in the form of coarse aggregates of acicular 
crystals, In a few cells the intensity of the enzyme reaction was low, and in scattered cells it was absent alto- 
gether, On the elapse of the first day of cultivation, the amount of diformazan in the cells decreased a little 
(see Fig. 2b), but by the second day it reached a peak, and remained at this level with some fluctuations during 
the whole period of observation (see Fig. 3b), We noted that a feature peculiar to the cells of the growing cul- 
ture was the extremely low endogenous dehydrogenase activity, whereas the cells of the suspension were char- 
acterized by a fairly high level of endogenous activity, 


The diformazan deposits in the HEp-2 cells were in the form of coarse aggregates of acicular crystals, and 
in this they differed significantly from the deposit formed in the analogous reaction in kidney epithelium cells, 
We observed some fluctuations in the amount of deposit in individual cells: cells very rich in diformazan were 
accompanied by cells with low enzymatic activity, We did not notice any differences in the nature of the intra- 
cellular localization of the deposit, 


Comparing the above data on the course of the changes in succinic dehydrogenase activity in cells of the 
kidney epithelium culture with the changes in alkaline phosphatase activity in the same culture [3], we see that 
the course of the changes in these enzymes is of exactly the same type. This is all the more interesting in that 
the compared enzymes differ considerably from one another both in the nature of their action and in the part 
they play in cell metabolism, We can surmise that the similar temporary reduction in the activity of the en- 
zymes in the early stages of cultivation of the first generation of kidney cells is of a more general character and 
constitutes one of the manifestations of the response of cells to the new conditions of existence in the tissue cul- 
ture, This view is supported also by the results obtained in this work in regard to the course of the changes in 
succinic dehydrogenase activity in the cells of the transplantable strain HEp-2, In these cells we observed no 
disappearance of enzymatic activity, and in this they differ markedly from the primary explanted culture, Simi- 
lar results have been obtained for cells of another transplantable strain (HeLa strain) by Kaufman and Hill [5], In 
our opinion, the high succinic dehydrogenase activity in cells of transplantable strains at precisely those times 
when it is completely absent in the primary explanted culture is associated with the complete adaptation of the 
cells to the conditions of cultivation, However, a confident assertion of this claim cannot be made until other 
enzymes and other tissue cultures have been investigated, 


An interesting feature in connection with the problem under discussion was the observed low level of en- 
dogenous activity of dehydrogenase systems in cells of the transplantable strain in contrast to its high level in 
cells of kidney epithelium culture, We believe that this is related to the prolonged cultivation in vitro of cells 
of the transplantable strain, which utilize all their required nutrients and energy material directly from the medi- 
um, The conversion of the constituents of the medium into the form used by the cells is effected during meta- 
bolism to an extent not exceeding the minimum requirements of the cell, We can assume, in particular, that 
this applies also to the substrates of various enzyme systems, On cultivation of cells freshly extracted from an 
organism (primary explanted cultures), there is still no adaptation to the new conditions, and the cell continues, 
as before, to create reserves of required substances, which are only gradually used up in the process of metabolism, 


SUMMARY 


Succinic dehydrogenase activity was studied in the cells of primary cultures of monkey kidney and the 
HEp-2 strain, As distinct from the primary culture, the activity of the enzyme remains on the same level during 
the whole period of culturing in the cells of the transplantable strain, The data obtained are discussed in connec- 
tion with the problem of cell adaptation to the conditions of culturing in vitro, 
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One of the main factors preventing the survival of transplants in homoplastic skin grafts is their biological 
incompatibility with the organism of the recipient due to the difference in antigenic properties. 


Several investigators have indicated in their papers that the skin of newborn animals and embryos possesses 
the weakest antigenic properties [2,4-9], This has strengthened the view that skin from embryos, newborn, or in- 
fant corpses should be used for homoplastic grafts [1,3]. 


In 1957, in order to investigate the changes in the antigenic properties of skin with age, we carried out 
experiments on rabbits by means of the complement fixation reaction (CFR). 


The experiments were performed on 15 adult rabbits, which were divided into three groups according to 
sex and weight, 


Monospecific sera against the skin of a 28-day embryo, a 7-day-old, and an adult rabbit were obtained in 
the following way: The five rabbits of the first group were given injections of extract (antigen) of skin from a 
28-day-old embryo; the five rabbits of the second group were given injections of extract (antigen) of skin from 
a 7-day-old rabbit; the five rabbits of the third group received injections of extract (antigen) of skin from an 
adult rabbit, Six other adult rabbits received no antigens, and these rabbits served as a control for determination 
of the specific antibodies to the antigens under investigation, These animals were kept in the same conditions 
along with the experimental rabbits, 


The material (skin) for immunization was taken from a 28-day-old embryo, a 7-day-old rabbit, and an 
adult rabbit, The skin was taken from the back of the rabbits after removal of the hair, The obtained material 
was shredded with scissors and ground up with powdered glass in a hypertonic solution of common salt (10 ml of 
salt solution in concentration 1.7% per 1 g of tissue) in a marble mortar, The suspension stood for two hours, 
after which it was centrifuged for 15 min at 2500 rpm, The centrifuged liquid (antigen) was diluted with dis- 
tilled water to the concentration of physiological saline, This extract ( antigen) was poured in 10-15 ml batches 
into penicillin ampoules, preserved at 0°, and used for immunization of the experimental animals and the CFR 
tests, 


The whole immunization process took four weeks. In the first three days, the rabbits were given an intra- 
venous injection of the antigen (extract) of the skin of the 28-day-old embryo, the 7-day-old, or adult rabbit in 
a dose of 1 ml at dilution 1:60, After a four-day interval, a second course of immunization was carried out, 1 ml 
being injected intraperitoneally on the first day and 1 ml intravenously on each of the following two days, Three 
courses of this second type were given, On the eighth day after the last intravenous injection of antigen, a CFR 
test with the corresponding antigen was carried out on the blood serum of the immunized and control animals, 
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Results of CFR Test of Age-Dependent Antigenic Properties of Rabbit Skin 


No, of animal , Control Serum dilutions 
used for (undiluted sera 
serum test without antigen 1:20] 1:80 | 1:160 1;320 
1 1 Skin extract H + + + H H H 
2 from 28-day- H ++ ++ + + H H 
3 old embryo H ++ ++ | + H H H 
4 H + + + H H H 
Control rabbits 14-15 H H H H H H H 
2 5 Skin extract H +++ +++ | ++ ++ ++ + 
6 from 7-day- H ++ ++ | + + H H 
7 old rabbit H ++ ++ | + + + H 
8 H +++ +++ | +++ +++ +t ++ 
9 H ++ ++ ++ ++ + + 
Control rabbits 16-17 H H H H H H H 
3 10 ities caieeie H + H H H H H 
11 i ati H H H H H H 
12 rabbit H + H H H H H 
13 H + + + H H H 
Control rabbits 18-19 H H H H H H H 


Notes: 1, Results of complement fixation reaction indicated by conventional method: ++++ no hemolysis; H—- 
complete hemolysis; +++, ++, + intermediate stages of hemolysis, 2. Antigens for CFR test were taken in dilu- 
tion 1:50, 3. The CFR was determined 45 min after start of test. 


To determine the immunizing dose of antigen, we took nine rabbits (not previously immunized), and gave 
them an intravenous injection of the specific antigen at various dilutions (1:20, 1:40, 1:60), 


When the rabbits received an intravenous injection of antigen obtained from the skin of the embryo and 
7-day-old rabbit in dilutions 1:20 and 1:40, the animals died, When the animals received an intravenous injec- 
tion of extract prepared from adult rabbit skin in the same dose at dilution 1:20, we observed a reaction in the 
form of temporary convulsions; an injection of antigen in dilution 1:40 produced no reaction in the animals, 


In view of the high toxicity of skin antigens from the embryo and 7-day-old rabbit, all three groups of ex- 
perimental animals were accordingly immunized with antigens in dilution 1:60, The CFR test was conducted by 
the conventional method on the eighth day after the fourth course of immunization, By means of this test we 
determined the antigenic properties of the skin of a 28-day embryo, a 7-day-old, and an adult rabbit from the 
antibody content of the sera of the experimental animals, 


Experimental Results 


As the given table shows, the highest CFR titer was found in experimental animals immunized by the skin 
extract from the 7-day-old rabbit. In this group (second series) we observed a positive CFR (from + to +++) in 
all five rabbits with serum dilution 1:80, and a weakly positive reaction (from + to ++) in three rabbits with serum 
dilution 1:320, 


In the first series (four rabbits), where the animals were immunized by an extract of embryonic skin, the 
CFR for all the rabbits was weakly positive (+) at serum dilution 1:40 and, in one rabbit, a weakly positive reac- 
tion (+) was noted at serum dilution 1:80. 


In the third series (four rabbits), where the animals were immunized with extract from the skin of the adult 
rabbit, the antibody titer was low, In all four rabbits, the CFR was positive (+) only at serum dilution 1:10, and 
in one rabbit at dilution 1:40, while in the other three rabbits the CFR at this dilution was negative. 


The reliability of the CFR in all the experiments was confirmed by the negative reaction obtained in con- 
trol tubes, where the serum was undiluted and the corresponding antigens were not added, In addition, to check 
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the reliability of the results we conducted CFR tests with the serum of animals of the control group. This test 
was also negative. 


The results of the CFR tests showed that the highest titer was obtained in the group of rabbits which were 
immunized with the skin extract from the 7-day-old rabbit, The antibody titer was half as high in rabbits im- 
munized with the extract from embryonic skin, 


The lowest CFR titer was obtained in the group of experimental animals immunized with skin extract from 
the adult rabbit, 


In view of the results of earlier experiments which showed a reduction of antigenic properties of skin at 
low temperatures [10], we decided to test the effect of low temperatures(0°) on antigen extracts preserved for 
four weeks, For this purpose we took six nonimmunized rabbits and repeated the experiment to establish the im- 
munizing dose of antigen (as before, 1 ml in dilutions 1:20 and 1:40 was injected intravenously), 


When the rabbits received an injection of embryonic skin extract in dilution 1:20, there were no deaths, 
Only slight, quickly passing convulsions were noted, An injection of skin extract from the 7-day-old rabbit in 
dilution 1:20 caused the death of the animals; on injection of the extract in dilution 1:40 no shock effects were 
observed. When skin extract from an adult rabbit in dilution 1:40 was injected, there were no shock effects in 
the rabbits, 


An analysis of the results obtained in the experiments to determine the immunizing dose at the beginning 
and end of our investigation, as also the results of the CFR test (low positive indices of this reaction in all three 
series), indicates the lowering of the antigenic properties of all the extracts due to four week's exposure to low 
temperature (0°), with the greatest loss of antigenic properties being found in the extract of embryonic skin, 


SUMMARY 


The antigenic differences of the skin of a 28-day-old rabbit embryo, a 7-day-old, and adult rabbit was 
studied by means of the complement fixation reaction, The specific antigenic properties of the skin were found 
to be most pronounced in a 7-day-old rabbit, a little less so in the embryo, and the least in the adult rabbit, 


Storage of skin extracts for a period of one month at zero temperature reduced their antigenic properties, 
This reduction was greatest in the embryonic skin extract (antigen), 
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Several authors have shown that homotransplantation of various tissues and organs can easily be accomplish- 
ed in highly inbred animals, In noninbred animals, however, homotransplants are usually rejected, Certain facts 
shedding light on the mechanism of the rejection process have been established: the participation of the immune 
reaction of the organism in the rejection of homotransplants [2] has been shown, The survival of homotransplants 
in inbred animals has been attributed to the fact that there are no individual tissue antigenic differences between 
them. Hence, the differences between different strains must correspond to the individual antigenic differences in 
the tissues of noninbred animals, 


Recently, many authors have found biochemical and antigenic differences in the tissues of different strains 
of inbred animals — in Drosophila [10,11], hens [6], and mice [3,4,5,7]. Using the agglutination reaction, Adler 
[3] established tissue antigenic differences in four highly inbred mice strains (BALB/c; C57BY%; A/Jax; DBA). 
However, Adler's results give more evidence on the quantitative than the qualitative antigenic difference be- 
tween these strains, At the same time, the data of Amos [4] on the isoimmunization of different strains of mice 
by blood cells, and the data of the same investigator and his colleagues [5] on skin grafts, indicates qualitative 
antigenic differences in different mice strains, Casperi [7] also showed the existence of qualitative biochemical, 
immunological, and cytological differences between inbred mice (C57BL and BALB), Recently, however, certain 
authors [1] have found no tissue antigenic differences between genetically heterogeneous inbred strains (A, CC57, 
C3HA). 


In view of the contradictory nature of the information communicated by different authors on this question, 
we decided to undertake a special study in order to discover the existence of strain-specific antigens in inbred 
mice, 


Experimental Method 


We used the anaphylaxis plus desensitization reaction on guinea pigs. Guinea pigs weighing 300-350 g 
each were sensitized subcutaneously by suspensions (20 mg each in first series of experiments, 40 mg each in 
second) of kidney, spleen, liver, skin tissues, or erythrocytes of highly inbred mice (C57BL and A), For the ex- 
periments we used only adult males, since,recently, information has been obtained which indicates immunologi- 
cal, biochemical, and cytological differences between males and females of inbred mice [7,9,12, and others]. 
It has also been shown that males of different strains (particularly C57BL and BALB) differ more than females of 
these strains, 


On the 21st day after the sensitizing injection, all the animals of the first series of experiments were de- 
sensitized to species- and organ-specific antigens by subcutaneous and intraperitoneal injections of a saline 
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TABLE 1 


Anaphylaxis Plus Desensitization Reaction in Guinea Pigs Sensitized by Suspensions of Tissues of Mice of One 
Strain and Desensitized by Extract of Same Tissues of Mice of Second Strain in Response to Injection of Shocking 


Dose of Tissue Extract from Mice of First Strain 


Sensitization 


No, of | (subcutaneous, 
guinea] 20 mg) of 1000 mg of tissue extract) 
pig 
tissue antigens | tissue antigens a 
1 Kidney C57BL | Kidney A 
2 The same The same 
3 The same The same 
4 The same The same 
15 Liver C57BL Liver A 
16 The same The same 
17 The same The same 
18 The same The same 
11 SpleenC57BL | Spleen A 
12 The same The same 
13 The same The same 
20 Erythrocytes Erythrocytes A 
C57BL 
22 The same The same 
32 The same The same 
30 The same The same 
21 The same The same 
24 The same The same 
31 The same The same 
23 The same The same 
35 Kidney A Kidney C57BL 
41 The same The same 
42 The same The same 
43 The same The same 
19 Liver A Liver C57BL 
34 The same The same 
36 The same The same 
38 The same The same 


26 Spleen A Spleen C57BL 


25 The same The same 
2 The same The same 
29 The same The same ++ 


Note, + indistinct symptoms of anaphylactic shock; + tremor, rubbing of nose and ears, ruffling of fur,dyspnea, 
slight drop in temperature; ++ the same symptoms, more pronounced, animal sneezes frequently; +++ the same 
symptoms, even more pronounced, convulsive leaps, coughing, lateral position, but animal survives; ++++ all 
symptoms very pronounced, animal dies; — no symptoms of anaphylactic snock; no injections made, 


Desensitization (subcutaneous Test for complete desensi- |Shocking injection (intravenous 
and intraperitoneal injections tization (intravenous in- 


injection of 1000 mg of tissue 
jection of 1000 mg extract|extract) 
of corresponding tissues) 


first second |third tissue antigens reaction z 
reaction] reactionjreactio a 
Kidney C57BL + 
The same 
The same + = 
The same + 
ares 
Liver C57BL - 
The same 
The same - 
The same ~ 
Spleen C57BL 
The same - 
The same - 
Kidney C57BL - 
The same - 
The same - ef 
The same - * 
Erythrocytes 
C57BL 
The same 
The same - Me 
The same 
+ + 
++ + Spleen A 
++ - The same - 
++ ++ - The same * 
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TABLE 2 


Anaphylaxis Plus Desensitization Reaction in Guinea Pigs Sensitized by Suspensions of Tissues of Mice of One 
Strain and Desensitized by Liver Extract from Mice of Other Strain in Response to Injection of Shocking Dose of 
Liver Extract from Mice of First Strain 


Sensitization Desensitization (subcutaneous/Test for complete | Shocking injection (intravenous 
(subcutaneous, and intraperitoneal injection |desensitization (in-|injection 1000 mg tissue extract) 
of 1000 mg tissue extract) travenous injection 


1000 mg extract of 


corr, tissues) 
Liver C57BL 


first second tissue antigens reaction 
reaction reaction 
The same The same 


Liver A 
The same 
The same The same 
The same The same 


No, of 
guinea 


The same 
The same 


Erythrocytes A same 
The same same 
The same same 
The same same 
The same 2 same 


Kidney A 
The same 
The same 
The same 


Skin C57BL Liver A 

The same The same 
The same The same 
The same The same 


Liver C57BL 
The same 
The same 
The same 


Erythrocytes C57BL 
The same 
The same 
The same 


Kidney C57BL 
The same 
The same 
The same 


+ 
++ 
> + 
> + 
Spleen A + 
The same ++ 
The same + 
The same + 
+ 
++ 
+ 
+ 


Spleen C57BL 
The same 
The same 


Note: Symbols as in Table 1, 


4 Lal 
45 
46 
47 + 
4 50 + ++ The same 
a 51 ++ + The same + 
o 52 ++ +++ The same + 
a 54 + - The same - wf 
55 ++ + The same + 
4 59 The same + 
E* 60 The same + ug 
61 The same + 
62 The same + 
57 - The same 
58 The same 
74 65 + The same + 
66 The same - 
63 ++ + 
64 ++ + 
68 ++ 
a 10 The same ++ - The same £ 
Pa 71 The same ++ +++ The same + 
72 The same + The same + 
a 73 The same ++ + The same + ‘ 
wy. 14 The same + ++ The same ++ f 
15 The same ++ - The same - 
er 16 The same + + The same + we 
77 The same ++ +++ The same ++ 
78 The same +t - The same + 
a 79 po The same + + - The same + i 
% 80 The same + | + - The same + & 
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extract of the same organs of mice of the other strain, In the second series of experiments, the guinea pigs were 
desensitized only to species-specific antigens by subcutaneous and intraperitoneal injections of saline extract of 
liver of mice of the other strain, On the following day we checked the completeness of desensitization (intra- 
venously), and in the case of incomplete desensitization we conducted a second test, When desensitization was 
complete, we injected intravenously a shocking dose of antigen (saline extract of muscle tissues of the strain 

used for sensitization) after two hours, For the shocking injection in the first series of experiments we used anti- 
gens of the same organs which were used for immunization, and in the second series we used another organ (liver), 


The extract was obtained ex tempore in the following way. The tissues washed free of blood were ground 
up with 9 volumes of physiological saline, The obtained suspension was centrifuged for 20 min at 3000 rpm, and 
the supernatant liquid was used as the extract, 

Experimental Results 


In the first series of experiments, all the guinea pigs sensitized by antigens of kidney, liver, spleen, or 
erythrocytes gave a strong anaphylactic reaction when desensitized by the same tissues of the other strain, It 
should be noted that we observed complete desensitization to species- and organ-specific antigens only after re- 
peated injections of antigen (subcutaneous, intraperitoneal, and several intravenous injections), The majority of 
the animals showed no symptoms of anaphylactic shock in response to the injection of the shocking dose of anti- 
gen (Table 1), Only in three animals (Nos, 1, 3, 36) out of 31 did we observe a weak anaphylactic shock, which 
was rated as +; in the other animals (Nos, 2, 4, 38) the symptoms of anaphylactic shock were indistinct, and were 
rated +, 


These results revealed no distinct antigenic differences between inbred mice of strains C57BL and A, How- 
ever, taking into account the fact that desensitization to species- and organ-specific antigens sets in very slowly, 
after repeated injections accompanied by severe anaphylactic shock, we carried out a second series of experi- 
ments, In this series, the animals were desensitized only to species-specific antigens on the assumption that such 
an experiment would enable a clearer demonstration of antigenic strain differences, This assumption was based 
on the results of the first series of experiments, where some animals had responded to the injection of strain- 
specific antigens with a weak anaphylactic reaction, We surmized that, after prolonged desensitization to species- 
and organ-specific antigens, the sensitization to weak strain-specific antigens would be reduced to some extent, 
and the guinea pigs would not respond with a pronounced anaphylactic reaction to the injection of these antigens, 
Hence, in the second series of experiments, the animals were desensitized only to species-specific antigens, and 
organ-specific antigens were excluded, In addition, we doubled the sensitizing dose of antigen on the expecta- 
tion that this would increase the sensitization to weak strain-specific antigens, The second series of experiments 
included the group of animals sensitized by skin antigens, since the studies of some authors have revealed anti- 
genic differences when skin was grafted between inbred mice of one sex of different strains (5,8). 


In the second series of experiments, the majority of the animals sensitized by antigens of kidney, spleen, 
erythrocytes, or skin, and after desensitization to species-specific antigens — by liver extract from mice the other 
strain, responded with an anaphylactic reaction to the injection of the shocking dose of antigen — liver extract 
from mice of the strain used for sensitization (Table 2), 


In two animals (Nos, 77, 74) out of 32 the anaphylactic shock was rated as ++, in 15 as +, in 11 as +, and 
in 4 animals no symptoms of anaphylactic shock were observed, In animals sensitized by antigens of strain C57BL, 
the symptoms of anaphylactic shock in response to injection of the shocking dose were a little more pronounced 
than in animals sensitized by antigens of strain A. This might be due to the more complex composition of strain- 
specific antigens in mice of strain C57BL as compared with mice of strain A, 


In addition, in our experiments we observed unequal sensitivity of guinea pigs sensitized to antigens of dif- 
ferent organs, A rather more pronounced anaphylactic reaction was noted in guinea pigs sensitized by kidney 
antigens; a relatively weak reaction was observed in guinea pigs sensitized by antigens of skin, spleen, and ery- 
throcytes, The results of these experiments showed that strain-specific antigens are apparently unevenly distri- 
buted quantitatively in different organs, This is in agreement with published information [3]. 


The results of the first series of experiments would appear to indicate the absence of antigenic differences 
between strains A and C57BL, This conclusion, in particular, was drawn by V. V. Gorodilova and L, V. Sher- 
shul'skaya [1]; the setup of their experiments on four groups of animals (15 guinea pigs) corresponded to the setup 
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of the first series of our experiments, However, the results of the second series of our experiments showed the 
presence of strain-specific antigens in mice of strains A and C57BL. 


We attribute the difference in the results of these two series of experiments to the better sensitization of 
the animals to strain-specific antigens in the second series, owing to the larger sensitizing dose of antigen and 
the exclusion of the effect of organ-specific antigens on the results of the reaction, 


Thus, as a result of these experiments, it has been established that the genetically different strains of mice 
C57BL and A differ qualitatively from one another in their antigenic properties as well, The tissues of inbred 
mice contain strain-specific antigens, which characterize the genetic homogeneity of each strain and demon- 
strate its qualitative difference from other strains, 


SUMMARY 


Antigenic strain-specific differences were shown in mice of two inbred strains (A and C57BL) by means of 
the anaphylaxis plus desensitization reaction on guinea pigs, Strain-specific antigens are present in various or- 
gans (kidneys, liver, spleen, skin) and in erythrocytes, They characterize the genetic antigenic uniformity of 
each inbred strain, and demonstrate its qualitative differences from the other ones, The antigenic strain-speci- 
ficity of kidney and liver was more pronounced than that of the skin, spleen, and erythrocytes, 
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In the morphological works devoted to the study of the reactions of the nervous system to the action of 
penetrating radiation, the state of the interneuronic synapses in these conditions has received little study. We 
know at present that synapses are altered after irradiation [5,6,7], but in the conducted works the state of the 
synapses in relation to the dose and the time elapsing after the action of ionizing radiation was not investigated, 
The restoration of the synapses in animals surviving after exposure has not been studied either, 


Our aim in this work was to discover the initial changes in the state of synapses due to a single exposure 
of animals to small, medium, and large doses of x rays, and to trace these changes to the climax of the process 
and after its completion, 


Experimental Method 


We studied the synapses in the superior cervical sympathetic ganglia of cats irradiated on the RUM-11 ap- 
paratus with doses 30, 100, 500, and 1200 r, at voltage 200 kv, current 15 mA, no filters, and at a distance of 
65 cm from the anticathode, The dose rate was about 16 r/ min, 


In order to check the state of the animals, we made analysis of their blood before irradiation and at dif- 
ferent times after irradiation, 


The experimental cats (48 animals) were divided into four equal groups, The animals in each group were 
irradiated with a single dose and sacrificed (in pairs) at different times after irradiation (see table), 


To reveal the synapses in the ganglia, we used the Bielschowsky-Gros-Lawrentjew and the Golgi-Deineka 
methods, In order to compare these methods, we treated the left ganglia by the first method and the right ganglia 
by the second method in every case, Immediately after the animals were chloroformed we extracted the ganglia 
and fixed them for 1} br in AFA fluid, We then transferred the left ganglia to 20% neutral formalin for subse- 
quent treatment by the Bielschowsky-Gros-Lawrentjew method, and the right ganglion to a 3% silver nitrate solu- 
tion for study by the Golgi-Deineka method, 


Experimental Results 


We were able to establish the normal structure of the synapses in the superior cervical ganglion of the cat 
from our own observaticns [2,3] and the information in the literature [4,5,7]. 
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Time of Taking Material After Irradiation of Animals 


Hrs Days 


Experimental Dose 
First 30 X X X X Xx X 
Second 100 X X X X xX 


X 
Third 500 xX X xX X xX 
Fourth 1200 xX xX X xX X X 


Symbol; X— animal sacrificed to obtain material 


The synapses in the investigated ganglion consisted of two types — terminal and transitory. The first have 
the form of rings or bulbs situated at the end of the terminal threads of the preganglionic fibers, The second con- 
sist of fine fibrils with thickenings or rings along their length, which contact the bodies and dendrites of the 
ganglionic neurones, In preparations obtained by the Bielschowsky-Gros-Lawrentjew method, the synapses were 
stained a pale brown color, and their average diameter was 3, The rings were extremely delicate with smooth, 
distinct outlines, 


A study of the preparations of the first series of the experiment (dose 30 r) showed that there were no de- 
viations from normal in the structure of the synapses in any of the animals at any period of the experiment, The 
first, slight changes in the synapses did not appear until the second series of experiments, where the animals were 
exposed to a dose of 100 r, On the 9th day after exposure, preparations made by the Bielschowsky-Gros-Lawrent- 
jew method revealed argentophilia in some of the synapses, In preparations obtained by the Golgi-Deineka 
method these changes were not discovered, since all the synapses had a brownish-black color, Thus, though the 
latter method demonstrates the synapses more completely and more reliably, it cannot be used for revealing the 
initial changes in the nerve endings, 


In the third series of experiments (dose 500 r), the animals developed radiation sickness, which was mani- 
fested in leucopenia, loss of weight, falling hair, etc, In this series we succeeded in detecting changes in the 
synapses by the 7th day after exposure to ionizing radiation (see figure, a), In addition to the changes which we 
observed in the previous series, there was also enhanced silver impregnation of the fine branches of the pregangli- 
onic fibers, some of which had a twisted form, In view of this, such fibers could be clearly distinguished from 
the processes of the ganglionic cells, 


On the 9th day after exposure, most of the synapses had the form of darkly stained thickened rings and 
bulbs, Deformation and increase in size up to 5-8 were observed, Some of the fibers of the intercellular plexus 
had varicose swellings and were fragmented in places . 


The greatest changes in the synapses were found in the fourth series (dose 1200 r), The first signs of the 
reaction of the observable structures were manifested on the 5th day after exposure, These initial changes were 
similar to those which were noted in the previous series, and consisted of enhanced argentophilia and swelling of 
the synapses, A careful repeat test of this result again confirmed this; no changes of the nerve fibers on the Ist 
to 4th day, as L, A, Afrikanova [1] reported, were observed, 


As distinct from the preceding series, the destructive changes in this case progressed very rapidly, and on 
the 9th day the majority of the synapses were greatly changed (see figure, b), In this figure a pale zone of neuro- 
plasm is clearly seen around one of the synaptic endings. In comparison with the normal, this pale halo had a 
less distinct outline, 


A fact worth noting is that even after exposure to twice the lethal x-ray dose (1200 r), synaptic endings 
with little damage occurred along with the disintegrating synapses, This fact probably indicates the unequal 
radioresistance of the sympathetic neurons of the lateral horns of the spinal cord, The same, or an even greater 
difference probably exists between the central and peripheral sympathetic neurons, since much greater damage 
was observed in the preganglionic fibers than the postganglionic fibers after exposure. The microscopic picture 
in the experiments was very reminiscent of that found in nerve ganglia three to four days after transection of the 
preganglionic fibers, The difference consisted in the terminal part of the preganglionic fibers after irradiation 
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Synapses on neurons of superior cervical ganglion of cats at different times after exposure 
to different doses of x rays: a) argentophilic and swelling of some of the synapses on 7th 
day after exposure of cats to dose of 500 r, Impregnation by Bielschowsky-Gros- Lawrent- 
jew technique. MBI-3, obj, 100 X, oc, 10 X; b) swelling and granular disintegration of 
synapses, fragmentation of preganglionic fibers 9 days after exposure to dose of 1200 r, 
Golgi-Deineka treatment. MBI-3, obj, 100 X, oc, 7 X; c) two-ring synaptic ending 31 
days after exposure to dose of 500 r, Impregnation by Bielschowsky-Gros-Lawrentjew 
technique. MBI-3, obj. 100 X, oc, 7X; d) restored synaptic endings 80 days after expo- 
sure to dose of 500 r, Golgi-Deineka treatment. MBI-3, obj, 100 X, oc, 7X. 


° = 
4 
a 
‘a -> o } \ 
ag 
~ oii % 
\ 
4 
102 


being altered much more than the distal part, Frequently we found only slightly altered nerve fibers in the sym- 
pathetic trunk caudad of the ganglion when the intercellular plexus and synapses were at the stage of disintegra- 


tion, 


Some of the changes which we observed in the synapses after irradiation were obviously reactive changes 
and, hence, reversible, and some were irreversible. For instance, in cats of the second series there was a con- 
siderable reduction in the number of synapses with enhanced argentophilia on the 16th day after exposure, The 
degree of their argentophilia was also reduced, On the 30th day after exposure none of the observed synapses 
differed in any way from the controls, Thus, in the animals of this series, there was a gradual restoration of the 
structure of the synapses in the course of a month, 


Besides the gradual decline of the enhanced argentophilia of the altered synaptic endings after exposure of 
the animals to a dose of 500 r, we more than once managed to observe two-ring synapses, which some authors 
[9] regard as structures due to progressive-regressive changes. Moreover, from the 30th day after irradiation we 
discovered growth bulbs of nerve fibers in the sympathetic trunk and among the nerve cells in the ganglion, The 
figure (c) shows a two-ring synaptic ending found in animals of the third series on the 31st day after irradiation. 
The pronounced argentophilia of the first ring, and the change in the fibril connecting these rings can be seen, 
Later, according to Kirsche [8], the first synaptic ring disintegrates completely, and the one following it grows 
up to the innervated substrate and restores the damaged contact between the neurons, 


If, in this case, degeneration affects not only the ending, but also the distal part of the fiber also, fibers 
grow into the ganglion from the remaining proximal part 1}-2 months after exposure, We observed the growth 
bulbs of these fibers, Thirty days after exposure the greater number of the revealed synapses were even more 
modified in shape, size, and color, At this same time, the ganglion revealed many regenerating preganglionic 
fibers, which had the form of fine threads with frequent small thickenings, The synapses observed 80 days after 
exposure differed in no way from the normal (see figure, d), 


In the fourth series we found no progressive changes in the synapses, The animals in this experiment 
perished 11-14 days after exposure, 


Much still remains obscure in the mechanism of synaptic restoration after the injurious action of x rays, 
and we will continue our work in this direction, 


SUMMARY 


The author studied the condition of interneuronic synapses in the superior cervical sympathetic ganglion 
of adult cats after a single total x-ray irradiation in doses of 30, 100, 500, and 1200 r, Argentophilia of the syn- 
apses was noted on the 9th day after the irradiation in the animals (100 r), On irradiation with a dose of 500 r, 
such changes occurred by the 7th day, whereas, with a dose of 1200 r, on the 5th day, Comparison of the syn- 
aptic structures according to the series on the 9th day after irradiation demonstrated that the morphological 
changes were greater, the higher the irradiation dose, Synapses were restored in 2-2,5 months in the animals 
which survived, after irradiation with sublethal doses, 
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METHODS 


4 CATHETERIZATION OF THE HEART IN RABBITS AND CATS 
A. G. Subbota 
F S. M. Kirov Order of Lenin, Military Medicine Academy, Leningrad 
% (Presented by Active Member AMN SSSR, V. V. Parin) 
Translated from Byulleten* Eksperimental "noi Biologii i Meditsiny, Vol. 51, 
3 No, 1, pp. 106-107, January, 1961 
7 Original article submitted December 10, 1959 
7 a The catheterization of the cavities of the heart and large vessels is becoming widely employed experi- 
7 mentally and clinically, The methods of catheterization are being continually perfected [1-7]. Soft catheters 
qj are used which are usually introduced under the control of an x-ray apparatus, Without such a control, the heart 
p cavity can only be gotten into with a hard catheter, but the latter has not found 
: wide distribution due to the possibility of causing trauma to the inner walls of the 
q heart. For rabbits and cats, the catheterization of the heart cavities has not been 
worked out sufficiently. 
q The catheter suggested by us does not require x-ray control, does not cause 
2 trauma of the heart, and is intended for experiments on rabbits and cats, Its manu- 
:. facture is based on the principle of the change of elasticity of polyvinyl chloride 
a or polyethylene under the influence of ethyl ether, A short piece of tubing made 
a of such a polymer, and measuring 3 mm in diameter, is immersed in a cylinder 
3 filled with ether (see figure, a), One of its ends 1 is led into a previously pre- 
a pared opening in the cork 2, The opening of the tube inserted in the cork is 
a sealed with a glass rod 3, After 24 hours, the partially-finished product is re- 
4 moved from the ether and left in the air, The portion of the tube which had been 
4 protected from ether vapors by the cork and the glass rod becomes soft, The re- 
: maining longer part, however, hardens or decreases its elasticity considerably 
J after several hours following its removal from the ether, 
4 Before leaving the tube in the air, the heart end must be bent at an angle 
‘d of 10-15°, The bend makes it easier for the catheter to get into the heart, The 
: > soft end must be no longer than 1 cm, and must be cut off obliquely (see figure, b). 
q A For rabbits, the total length of the heart catheter is 100 mm, while for cats 
new model of a cath- 
Ey , it is 130 mm, The outside diameter of the catheter for cats is 2.8-2.9 mm, 
a eter for investigating 
a4 the heart, Aside from probes with nonuniform elasticity, soft catheters can also be 
7 used, but then they must be inserted with metal mandrins, The disadvantage of 
Bs the latter method is that, after the mandrin is withdrawn, it is difficult to control such a catheter without an x- 
ray apparatus, 
+ Method of Insertion 
. 4 The right jugular vein is exposed, and, first, a Dieffenbach clamp is applied to it (on the thoracic end), 
a and then a ligature (on the cephalic end), The soft end of the probe is inserted into the sac formed between the 
i clamp and the ligature through an incision widened by a hook, The clamp is then removed, and the catheter is 
4 moved forward in the direction of the heart (back from the front, from right to left), 
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If resistance is encountered in the course of insertion of the catheter, and if systolic pulses are felt with 
the hand, this is evidence of getting into one of the right cavities of the heart. By watching the recording ap- 
paratus, it can be said with certainty where the catheter is situated, If sharp fluctuations in pressure from 0 to 
15 mm of a mercury column or more are seen, then the catheter is in the right ventricle of the heart, In this 
case, fluctuations in the blood-tinged liquid in the catheter are also clearly seen, 


Barely noticeable systolic oscillations and pronounced respiratory waves are evidence that the catheter is 
located in the right auricle of the heart, If the catheter goes freely to the side of the abdominal cavity, this 


means that it is located in the posterior vena cava, 
The passage from the right auricle to the right ventricle is carried out by careful turning of the catheter -. 
around its axis, 4 
In order to decrease the inertness of the system, tubes of the shortest length and least elasticity should be = 
selected for connecting the catheter with the recording device, Prior to the experiment, the system should be a5 


filled with liquid (2% glucose solution or physiological saline solution with heparin), while during the time of 
the experiment, the liquid should be introduced periodically into the heart cavity in amounts of 1-2 ml, This 
prevents the formation of thrombi in the catheter by blood, Such lavage is most conveniently done from a 
reservoir of liquid attached 0,5 m higher than the level of the animal and connected with the catheter system by 
a T-tube, 


Some investigators use dropping methods of introducing liquid into the blood, and stop its delivery only 
when recording pressure. In all cases, anticoagulants must be administered to the animal in standard dosages, 


The simplicity and convenience of using the catheter with nonuniform elasticity make it possible to study 
the hemodynamics of the greater and lesser circulatory systems simultaneously, 


SUMMARY 


The author describes the preparation and the technique of introduction of a polyvinyl chloride (polyethyl- 
ene) catheter with nonuniform elasticity into the cavity of the right heart and inferior vena cava, The catheter 
is introduced without x-ray control, and does not traumatize the endocardium, 
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INTEGRATION OF MECHANICAL IMPULSES OF THE HEART 


G. A. Shminke 


Sverdlovsk Scientific Research Institute for the Protection of Maternity and Infancy 
(Director — Candidate of Medical Sciences R, A. Malysheva; 

Scientific Director — Doctor of Medical Sciences V, M. Lotis) 

(Presented by Active Member AMN SSSR, V. V. Parin) 

Translated from Byulleten’ Eksperimental "noi Biologii i Meditsiny Vol, 51, 

No, 1, pp. 107-109, January, 1961 

Original article submitted February 18, 1960 


Present methods of ballistocardiography consist in obtaining oscillograms of the mechanical vibrations of 
the human body arising as a consequence of the external work of the heart, With each systolic beat of the heart, 
there is a complex of mechanical waves which is received from the human body by means of various pickup de- 
vices, Specialists studying ballistocardiograms distinguish three main types of curves obtained by means of vari- 
ous pickup devices — curves for shifts, rate, and acceleration, 


Figure 1, Diagram of a device for integrating the work of the heart: 1) 
magnetoelectric pickup; 2) polarized relay of the RP-7 type; 3) 4U12 
amplifier; 4) ampere-hour meter; 5) SB-1M/100 type meter; 6) photo- 
cascade; 7) marker with kymograph, 


The diversity of ballistocardiogram pictures in pathological conditions of the heart, as well as the absence 
of standard equipment, as yet make it impossible to compare the results of different investigations, In connec- 
tion with the difficulties of evaluating ballistocardiograms, we decided to employ the integration method, which 
we developed for measuring the biological currents of the brain and muscles, and for measuring the mechanical 
impulses of the heart, 


The mechanical impulses of the heart received by the pickup device and converted to an electrical value 
are intensified by means of an electronic amplifier, are rectified, and are conducted to a volt-hour (or ampere- 
hour) meter, 
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The Results of Measurements of the Work of the Heart Before and After Physical Stress 


Ballistic impulses of the heart recorded by the integrator 
Family name of subject and expressed in conditional units 


pre ane: R=P,—-P 
without stress for 3 min, P, |after stress for 3 min, P, we 


Reactive difference, 


This equipment is capable of automatically computing the work of the heart for any given interval of time. 
The meter readings expressed in numerical units are proportional to the areas included under the ballistocardio- 
gram curve taken during the same period of time, The proposed method does not permit the differentiation of 
the form factor of the curve; nevertheless, this is a simple method of quantitative measurement, The meter read- 
ings are conditional units which are connected by a certain coefficient of proportionality with the forces acting 
on the pickup device, 


Such a meter can measure the work of the heart over a period of several tens of minutes, During prolonged 
measurement with the aid of the integrator, average values of the mechanical impulses conducted from the pick- 
up device are determined quite accurately; occasional deviations from these values are eliminated due to averag~- 
ing carried out over a long period of time. In a particular case, the meter reading for five minutes will be pro- 
portional to the sum of the areas under the ballistocardiogram curve, the extent of which is 12 m, 


We used a magnetoelectric pickup in 
which the coil of wire oscillated in the field of 
a stationary magnet, This pickup device, pro- 
—_—__—_—- posed by R, M, Baevskii, is a small table meas- 
uring 300 X 100 X 80 mm, Springy steel plates 
serve as its four supports, The pickup device is 
fastened to the cot in such a manner that its 
lower base is stationary, The feet of the subject 
to be observed (lower part of the shin) are placed 
in the upper yokes, 


Fig. 2. Kymogram (time scale — 1 min) showing the dis- 
tribution in time of the work of the heart following physi- 
cal stress (20 deep-knee bends with arms thrown forward 
in 20 sec), 


The electromotive forces developed by the pickup device are converted by a special amplifying mechan- 
ism, We used a 4U12 type amplifier for movie equipment, The remodeling of this device consisted in using an 
electromechanical vibrator with a frequency of 200 hertz at the point of entry, which closes the input of the 
amplifier (Fig. 1), A polarized relay of the RP-7 type was used as the vibrator, the coil of which was fed from 
a circuit which twice doubled the frequency of the alternating current of the city network, Thus, the amplifying 
device works on a carrier frequency of 200 hertz, 


The output of the amplifier device after the transformer has a rectifying bridge consisting of four DGTs-23 
type rectifier elements, The rectified electrical impulses enter the ampere-hour meter, which is a magneto- 
electric motor, the number of rotations of which is a function of current and time, In our equipment, we used a 
meter made by Hartman and Brown,* A disk with three rectangular-shaped openings is fastened on the axis of 
the meter, A photocell is situated on one side of the disk, while on the other side,a flashlight bulb enclosed in 
a tube, With each rotation of the disk, the photoelectric circuit produces three impulses which activate the 
SB-1M/ 100 type impulse meter, which is well known to biologists engaged in measuring the radiation of labeled 
atoms, An electromagnetic marker K is cut in after the impulse meter (see Fig. 1), The number of loops of 
winding of the marker is in keeping with the photoelectric circuit, By means of this device, markings are put on 
the kymograph tape, 


Thus, by means of the SB-1M/100 meter, the equipment makes it possible to summarize the work of the 
heart for any given interval of time. In the table, data are given of measurements of various persons before and 


* At the present time, the Leningrad factory LEMZ has begun to put out M-642 type meters, which are suitable 
for these circuits, 
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after physical stress (20 deep-knee bends with arms thrown forward in 20 sec) for equal intervals of time of 
3 min each, 


As is well known, when physical stress is removed, the heart quickly curtails its work, Inasmuch as the 
process of increasing or decreasing the work of the heart develops with time, we consider it rational to obtain 
characteristics representing this relationship, A sample of this relationship following physical stress in a healthy 
person is given in Fig. 2, This kymogram represents a “translation” of the amplitude-modulated waves of a bal- 
listocardiogram to frequency-modulated signals, The integral of the work of the heart for any time segment 
can be determined by simply counting the number of marks on the paper, 


The kinetics of the process under discussion is an external manifestation of the extremely complex nervous 
regulation of the cardiovascular system, 


The proposed quantitative method of investigating the external work of the heart does not eliminate the 
necessity of analyzing the form-factor of the ballistocardiogram, However, we feel that the quantitative analysis 
will be very significant. In actual fact, it is much more convincing to say, for example, that, as the result of 
the action of strophanthin, the work of the heart changed by so many units or percent, than to judge some change 
in the notches of a ballistocardiogram. 


SUMMARY 


A simple integration method for quantitative measurement of the cardiac impulses is presented, This 
method was developed for measuring the cerebral and muscular biocurrents, Ballistic impulses of the heart are 
recorded by means of a special device — an integrator — and are expressed in conventional units, 
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A METHOD OF STUDYING THE CONDITION OF THE TONUS IN THE 
PERIPHERAL PORTIONS OF THE VASCULAR BED ON THE WHOLE ANIMAL 


Yu. M. Gal'perin 


Laboratory of Circulation and Respiration (Head — Professor G, P, Konradi) 

of the Institute of Physiology (Director — Academician K, M. Bykov* ) AMN SSSR 

and the Pathophysiological Laboratory of the Scientific-Experimental Department 

of the Moscow Regional Scientific Research Clinical Institute (Director — Docent P, M, Leonenko) 
(Presented by Academician V, N. Chernigovskii) 

Translated from Byulleten’ Eksperimental ‘noi Biologii i Meditsiny, Vol, 51, 

No, 1, pp. 110-112, January, 1961 

Original article submitted December 29, 1959 


The study of the dynamics of the change in vascular tonus, which is urgently needed for the solution of a 
number of questions in the physiology of blood circulation, has so far met with serious methodological difficulties, 


Changes in the Resistance of the Peripheral Bed of the Femoral Artery 


Amount of fluid 


running out in 15sec 
(in ml) 
10 hr 05 min|Equipment connected 7,0 
10 hr 07 min * 8.0 
10 hr 09 min 7.9 


10 hr 27 min|Both pleural cavities opened, Liga- 9.0 
tures placed under innominate 
artery, aorta, superior and inferior 
venae Cavae, and vena azygos 


10 hr 29 min}|200 ml of blood let out of central 7.0 

end of femorai artery Se 
10 hr 31 min|Innominate artery is pinched 4.0 
10 hr 33 min} Aorta is pinched 2.0 
10 hr 34 min 3.0 
10 hr 35 min 3.0 
10 hr 36 min 3.0 
10 hr 37 min 4.0 
10 hr 38 min 5.0 
10 hr 39 min 6.0 
10 hr 40 min 11.0 
10 hr 41 min 12.0 
10 hr 42 min 13.0 = 
10 hr 43 min 13.0 
10 hr 44 min 13,0 

* Deceased, 
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The dynamics of the change in vascular tonus can 
be judged either by measuring the volume of blood run- 
ning through the portion of the vascular bed under in- 
vestigation under constant pressure per unit of time, or 
by the change in pressure in the bed as constant volumes 
of blood pass through, In both cases, the tonus, which 
determines the resistance of the bed, alters the character 
of the variable value at a given constant, 


As a rule, the first method is used when studying 
the condition of the bed of isolated organs, It is simple, 
since the volume of the flow of liquid through an organ 
can be judged by the number of drops or by the total 
volume of liquid flowing out per unit of time, On the 
whole animal, however, this method does not always en- 
sure adequate accuracy, since even when the amount of 
blood flowing out along the main venous trunk is taken 
into account, the amount of blood flowing out along the 
collaterals remains unknown, 


The use of the second method — the supply of con- 
stant volumes of blood, proposed by Richards and Dtinker 
(2] and used in our laboratory by V. M, Khayutin [1]— 

nen ane provides for the opportunity of continuous measure ment 
cogunent po neat of resistance to the flow of blood, but at the same time 
of vessel of vessel presents considerable difficulties, since it requires a spe- 
cial apparatus to guarantee the uniformity of the blood 
volumes supplied. 


Diagram of device: 1) burette connected with 
central end of femoral artery; 2) stand; 3) tube 


for leading off blood when arterial pressure The proposed method uses the first principle — the 
rises; 4) glass for collecting outflowing blood; registration of the volume of blood flowing through the 
5) standard cannula inserted in peripheral seg- vascular bed; however, instead of the outflowing fluid, 
ment of femoral artery; 6) burette; 7) T-tube; the fluid flowing in under constant pressure per unit of 

8) funnels with constant level of blood; 9) time is registered. The scheme for the proposed perfu- 
measuring cylinders; 10) ground-glass stopcocks, sion device is simple, and differs little from conventional 


devices for perfusing isolated organs, 


The central end of the artery is connected with a narrow burette 1 set up on a stand 2 in such a manner 
that when it is moved along the stand the upper edge is at a level 50-150 cm higher than the level of the ani- 
mal*s body, At the start of the experiment, the blood fills the burette and becomes established at a level cor- 
responding to the blood pressure, A tube 3 is fused to the upper edge of the burette through which, when pressure 
is raised, the excess blood entering the burette runs off into a special vessel 4, In case of necessity, the burette 
can be lowered somewhat and the amount of blood running out is increased, 


Into the peripheral segment of the same artery, a cannula 5 is inserted which is connected by a rubber tube 
to the other burette 6, set up at a constant level above the body of the animai, The burette ends in a T-tube 7 
connected with two funnels 8, over which two measuring cylinders 9 are attached, 


In the work, first one , and then the other funnel is used alternately, which is accomplished by means of 
stopcocks 10, The total volume of the cylinder, funnel, and burette (to the entrance to the cannula) constitutes 
60-110 ml, Before the start of the experiment, the cylinder is filled with blood or perfusion fluid, 


After the first cylinder is emptied, the intake to the second funnel is opened; at the same time, the first is 
closed, and blood from the vessel 4 is poured into its cylinder, 


The volume of liquid running out of the graduated cylinder per unit of time depends on the resistance of 
the bed, 
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We used this method for determining changes in the resistance of the peripheral portions of the vascular 
bed with the production of complete anemia of the central nervous system, 


The protocol of an experiment performed September 24, 1958 is given as an illustration, Heparin (500 
units per 1 kg of weight) was administered to a dog weighing 16 kg, Blood (200 ml) was taken in order to fill 
the system from the cylinder connected with the central end of the femoral artery, The delivery vessel was set 
at a height of 120 cm above the level of the table, 


The volume of blood running out of the cylinder into the peripheral segment of the femoral artery was re- 
corded, 


It is seen from the protocol that during the course of the experiment 123 ml of blood entered into the peri- 
pheral segment of the femoral artery, At the same time, 36 ml of blood ran out into the vessel connected with 
the central end of the femoral artery, Thus, a reserve of 200 ml of blood, replenished as the blood enters from 
the central end of the femoral artery, was found to be sufficient to carry out experiments on dogs weighing 10 
to 25 kg. In work on dogs weighing less, as well as on rabbits and cats, the small volume of the tubes and cyl- 
inders used makes it possible to limit oneself to 50-75 ml of previously taken donor blood or blood-replacing 
fluid, 


The results of this experiment also show that, by using this simple method, it is possible to obtain adequate 
data on the change in the resistance of the peripheral bed throughout the entire experiment, 
SUMMARY 


The author suggests a simple method of determining the vascular resistance in the peripheral areas of the 
vascular bed in experimental animals, This method is based upon recording of the blood volume flowing under 
constant pressure into the peripheral part of the artery. 
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A SIMPLE NEW METHOD FOR THE CONTROLLED CONSTRICTION 
OF THE RENAL AND OTHER ARTERIES IN SMALL LABORATORY ANIMALS 
DURING CHRONIC EXPERIMENTS 
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of the First I. M. Sechenov Order of Lenin, Institute of Medicine , Moscow 
(Presented by Active Member AMN SSSR, V. V. Parin) 

Translated from Byulleten‘ Eksperimental 'noi Biologii i Meditsiny, Vol, 51, 
No, 1, pp. 112-115, January, 1961 

Original article submitted December 29, 1959 


In experimental pathology, the controlled constriction of arterial vessels is used: 1) for producing models 
of hypertension and stenosis of the aorta; 2) for the controlled ischemization of organs, etc, However, up to the, 
present time, due to the absence of simple and, at the same time sufficiently precise methods, experiments on 
the controlled constriction of arteries in small laboratory animals such as rats, etc, (occupying the leading posi- 
tion with regard to utilization in many of the world's laboratories) present considerable difficulties, Goldblatt's 
well-known vascular clamp [8], suggested for the constriction of renal arteries, is hardly ever used in experiments 
on small animals (rats, etc.) because of the relative complexity of setting it up,and difficulty of manufacture, 


The U-shaped clamps suggested by Pickering and Prinzmetal [9] are not entirely convenient because: 1) 
the possibility of their slipping off the artery has not been entirely excluded, especially when the degree of con- 
striction is slight (since, after applying the clamps to the vessels, the clamps remain open); 2) the precision of 
constriction by U-shaped clamps can easily be disrupted , because when they are applied to the artery the ends 
of the clamps are first unbent and are then again squeezed together; 3) the Pickering-Prinzmetal clamps do not 
produce uniform constriction of vessels to various diameters, They constrict the vessels to only one diameter, 


Drury's [7] method of constricting renal arteries by means of applying relatively loose silk ligatures on the 
arteries of young animals on the premise that they will gradually press together in the process of growth of the 
animal is distinguished by lack of accuracy in controlling constriction, and by the necessity for long periods of 
waiting for the desired results, The Menn-Collins [6,10] method of constricting arteries by means of applying 
wire of a given diameter to them and then tightening silk ligatures around the artery together with the wire ,with 
the subsequent removal of the wire, is also insufficiently precise. The extent of constriction here depends not 
only on the diameter of the wire, but also on the force of tightening of the ligature, According to our data [1,2], 
which agree with the results of Zbinden's observations [11], this method is not very effective for the controlled 
constriction of renal arteries in rats for the purpose of obtaining renal hypertension, The method proposed by 
F, Z. Meerson and G, V. Kobozev [5] for the gradual controlled creation of vitium cordis by means of a cannula 
can be used successfully for constricting large arteries (aorta, pulmonary artery), This method makes it possible 
to eliminate stenosis without a secondary operation, However, it is relatively complicated for the irreversible 
constriction of arteries in small animals, 


* The work was presented at a meeting of the Moscow Society of Pathophysiologists on March 26, 1959, 
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Fig. 1. I) Preparation of vessel-constricting spirals: 1) rigid steel wire 


(molding core); 2) wire made of tantalum or other nonrusting metal for 
preparation of the spiral; 3) the preparation of the spiral; 4) finished 
spiral (remains on the core until the operation); 5) spiral removed from 
the molding core, II) Application of the vessel-constricting spiral to the 
renal artery of a rat, 


The method which we are proposing consists in the application on the vessel undergoing constriction of a 
spiral with a known given diameter of the loops, As the result of this, the diameter of the vessel usually decreases 
to the diameter of the loops of the spiral, The spiral is applied by means of twisting the dissected vessel into it. 
The spirals are prepared by the experimenter himself, from wire made of some nonrusting metal (tantalum, ni- 
chrome, stainless steel, etc,), by coiling it on another rigid steel wire or string (so-called molding core) of a 
known given diameter, accurately measured with a micrometer, The diameter of the coils of the spiral is equal 
to the diameter of the molding core, 


The technique of preparing the spiral consists of the following (Fig. 1), The wire from which the spiral is 
prepared is grasped from both ends (5-8 mm at each end) by two arterial clamps, One end of the wire near the 
molding core is fastened securely by means of a clamp, Using the second clamp, the wire is stretched and tight- 
ly wound on the core in the form of a spiral, 


The excess wire is cut off from only one end, The cut end can be additionally bent in order to make it 
blunt, The second, longer end of the spiral is left for convenience in holding it with the clamp at the time of 
application to the vessel, Finished spirals (in quantities of 15-25) are left threaded on the molding core until 
the time of the operation, and are sterilized in this form by means of boiling or with alcohol, We proved out 
the proposed method on rats (females weighing 195-260 g) in experiments on the constriction of renal and mesen- 
teric arteries, Spirals made of tantalum and nichrome wire, and measuring 0,2-0,3 mm in diameter, were em- 
ployed, The spirals had 3-4 coils measuring 0,24-0.4 mm in diameter, The length of the spirals was 2-2,5 mm, 
Following the application of a spiral with a loop diameter of 0,3-0,35 mm to one renal artery, the corresponding 
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kidney underwent atrophy, while the intact kidney became 
hypertrophied (Fig. 2). However,if a spiral with a coil di- 
ameter of 0,3-0.35 mm was applied to the artery of one 
kidney with the simultaneous constriction of the artery of 
the second kidney by a spiral with a coil diameter of 0,26 
mm, then in surviving rats ,the first kidney (with arterial 
stenosis to 0,3-0.35 mm) underwent hypertrophy rather than 
atrophy, while the kidney with arterial stenosis to 0.26 mm 
atrophied (Fig. 3), This shows that, with the same degree of 
stenosis of the artery supplying the organ, the condition of 
its function and structure may differ sharply, depending on 
the level of the demands made upon it by the organism. In 
part of the rats (3 of 13), hypertension developed following 
the constriction of the arteries of one kidney — stable in one, 
and peaked (irregular) in two others, In rats in which hyper- 
tension did not develop or was peaked, a spiral was applied 
to the second renal artery after 4-10 weeks, as a result of 
which hypertension developed in the overwhelming majority 
of the animals surviving the second operation (the number 
of surviving animals in preliminary experiments constituted 
*/, of the total number of those operated on twice — 9 of 12; 
hypertension developed in seven rats, peaked in three of 
these), In some rats, periods of stable blood pressure (for 
method of measurement see [3,4]), alternated with periods 
when it spread over a wide range (to 50-67 mm of mercury), 
anak at C00 te The start of the rise in blood pressure was usually noted by 

‘ the end of 1-3 weeks; in part of the rats these intervals varied. 


Fig. 2. Atrophy of ischemized kidney (1) and 
hypertrophy of the contralateral intact kidney 
(2) in 58 days following constriction of the 

renal artery (1) by a spiral with a loop diam- 


Fig. 3, Atrophy of the kidney (1) and hypertrophy of the kidney (2) in 35 days 
following simultaneous constriction of the arteries of both kidneys; the artery 
of kidney (1) was constricted by a spiral with a loop diameter of 0,26 mm, 
while the artery of kidney (2) was constricted by a spiral with a loop diameter 
of 0.3 mm. 
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During hypertension,the blood pressure rose by 40-120 mm of mercury, Morphologically, hypertension in 
rats is characterized by hypertrophy of the heart and sclerotic affectation of the vessels which is especially pro- 
nounced in the pancreas, mesentery, kidneys, and heart, We also conducted experiments in which spirals with 
a coil diameter of 0,3-0.4 mm were applied to the superior mesenteric artery, In this case, gangrene of the in- 
testine developed, and the rats died, The experiments on the investigation of the effect of precisely controlled 
ische mization of various organs on blood pressure will be continued by us, 


Thus, a method of controlled constriction of renal and other arteries is proposed which can be used for: 1) 
the production of models of hypertension and stenosis of the aorta; 2) for the controlled ische mization of organs. 
The method: 1) is distinguished by its convenience of application in experiments on small animals (rats, etc,), 
but can also be used in experiments on large laboratory animals; 2) ensures a sufficiently precise controlled, and, 
at the same time, uniform, constriction of vessels; 3) is technically simple and can be carried out in any labora- 
tory. 


SUMMARY 


The author proposed a new, simple technique of controlled constriction of the renal and other arteries, 
This method may be used for creating a model of diseases (hypertension — renal and coarctation, stenosis of the 
aorta), as well as for the study of collateral circulation, The method may be conveniently used for experiments 
both on small and large laboratory animals, It consists in placing a spiral with a set diameter upon the vessel, 
which constricts and becomes equal in diameter to the spiral, The method was successfully tested on rats in ex- 
periments with induction of renal hypertension by producing stenosis of renal arteries, 
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A METHOD OF ELECTROSTIMULATION OF THE VASCULAR RECEPTORS 


F. Konovalov 


Department of Physiology (Head — Professor G, N. Sorokhtin) 
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(Presented by Active Member AMN SSSR, V. V. Parin) 

Translated from Byulleten’ Eksperimental ‘noi Biologii i Meditsiny, Vol. 51, 
No, 1, pp. 115-116, January, 1961 

Original article submitted January 18, 1960 


For studying the character of the reflex reactions caused by a nonspecific stimulant, G. N, Sorokhtin sug- 
gested the use of local stimulation of the receptors of the vascular system by electric current, Stimulating elec- 
trodes were introduced as probes into the femoral vein and sciatic artery of the frog; the electrodes were connect- 
ed to an impulse starter which made it possible to supply square current regulated for voltage, frequency, and 
duration of impulses to the electrodes, The electrodes were made of thin copper wire (cross section 1201) cover- 
ed with insulation, and consisting of two small wires glued together and having pinpoint defects in the insulating 
cover, During stimulation of the receptors of the femoral vein and sciatic artery by electric current, respiration 
and the mechanogram of the heart were recorded on a kymograph by the usual method, 


Changes in respiration and activity of the heart in a frog during stimulation of 
the receptors of the femoral vein (a) and the sciatic artery (b), The meaning 
of the curves (from the top down): respiration, recording of heart contractions, 
marking of stimulation; time index (10 sec), Stimulator — square electrical 
current (voltage 1 v, frequency 70 hertz, duration 100 o), 


When the power and frequency of the current employed were equal to, or slightly exceeded the threshold, 
then respiration was inhibited during stimulation of venous receptors, while the frequency and character of heart 
contractions did not change, Under the same conditions, threshold and superthreshold stimulation of arterial re- 
ceptors did not cause inhibition, but rather stimulated respiration markedly, The activity of the heart did not 
change in this case (see figure), Further intensification or increase in frequency of electrical stimulation for the 
most part led to a general motor reaction of the frog with disruption of respiratory function and activity of the 
heart, 
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Thus, electric current (nonspecific stimulant) can, under certain conditions, evoke from the receptors of 
the femoral vein and sciatic artery of the frog, reflex reactions resembling those arising as a result of the action 
of chemical substances [1], 


SUMMARY 


Electrodes prepared from two joined copper wires (cross section— 120!) are recommended for local stimu- 
lation of the vascular receptors, 


Such electrodes are introduced directly into the vessels, 
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One of the methods of determining the functional state of the kidneys which is widely used at the present 
time both clinically and experimentally is intravenous urography. 


Descriptions of intravenous urography in experimental conditions are not numerous, and are chiefly found 
in works which are not very familiar to a wide circle of readers [1-4], 


The purpose of the present article is to generalize the data of these experiments, and to share our experi- 
ence in intravenous urography carried out on rabbits more than 350 times with the use of various contrast sub- 
stances, 


The kidneys are situated unsymmetrically in the rabbit; the left is at the level of the third and fourth 
lumbar vertebrae, while the right is at the level of the last thoracic and the first lumbar vertebrae, The right 
kidney is covered anteriorly by a lobe of the liver and part of the stomach, due to which its image on x rays 
shows less contrast, This peculiarity must be taken into consideration and, if possible, to carry out the experi- 
ment on one of the kidneys, preferably on the left, 


It is best to take rabbits weighing less than 2 kg. The intestine of the animals must be specially prepared 
prior to the investigation, P. G, Divnenko [3] recommends that the rabbit be given 60-70 g of finely chopped 
carrots mixed with 0.3 g of purgen and 0.5 of carbolen three times a day for the two days prior to the investiga- 
tion, We, in turn, switched the rabbits to grain feed (oats) 1-2 days prior to carrying out intravenous urography. 
The intestines of such a rabbit are filled with a uniform mass, while gas formation is diminished, which improves 
the quality of the x rays, 


We used the following contrast substances: 40% sergosin solution; 37.5, 50, and 75% uroselectan "*B™ solu- 
tions; 25 and 50% falitrast solutions; and 35% cardiotrast solution, Here it is necessary to recall that different 
contrast substances are secreted by different parts of the nephron, Thus, whereas sergosin is excreted primarily 
by glomeruli, cardiotrast and falitrast are given off by canalicular secretion, This should be taken into considera- 
tion when selecting the contrast substance, We obtained the clearest images of kidneys on x rays when using 
35% cardiotrast solution and 75% uroselectan "B" solution, Shadows of the kidneys are seen somewhat more faint- 
ly but quite clearly on x rays made with the administration of 40% sergosin, 50% uroselectan "BY and 50% fali- 
trast; 37.5% uroselectan "B" and 25% falitrast give very faint, hardly distinguishable kidney shadows, 


We carried out intravenous urography with the administration of heated contrast substances and substances 
at room temperature, We did not note any differences in the behavior of the animals or in the quality of the 
pictures, 


Rabbits tolerate cardiotrast best of all, and sergosin worst of all, For rabbits weighing 2-3 kg, it is best to 
administer 8 ml of contrast substance, Smaller quantities give low-contrast pictures, while larger quantities are 
poorly tolerated by the animals and, sometimes, death even. occurs, 
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Prior to the investigation, the rabbit is tied to a board by its paws, abdomen up, by means of tapes, The 
most convenient dimensions of the board: length 70 cm, width 40 cm, 


It is desirable to make the pictures on film measuring 18 X 24 cm in order to include not only the kidneys, 
but all of the urinary tract as well, The cassette with the film is placed between the back of the rabbit and the 
board, pushing it under from the head end (with the fur), and removing it from the tail end, The rabbit tied in 
this manner with the cassette already in place is placed under the tube of the x-ray apparatus, after which the 
administration of the contrast substance is begun, 


It is best to administer the substance with a 10-gram syringe through a thin needle into the marginal vein 
of the ear, Prior to injection, the hairs are pulled out over this vein for better visibility. Insertion of the needle 
into the vein should be made as distally as possible, since manifestations of phlebitis are frequently observed at 
the site of entry of the needle — the veins are obliterated and become unsuitable for further work, 


It is best to have a helper when injecting the contrast substance, who will secure the rabbit's head or will 
apply a fixing collar. This is necessary, because, due to the painfulness of injecting the substance, the rabbit 
jerks his head and the needle pulls out of the vein, 


A contrast substance must be injected very slowly (8,0 ml in 2-3 min), Rapid injection is not as well 
tolerated by rabbits, and they may have more complications; at the same time, the contrast quality of the picture 
becomes considerably worse with rapid injection, 


Among the later complications, the appearance of phlebitises and necroses at the site of injection with the 
further tearing of the necrotic areas should be pointed out, These complications occur more frequently when 
sergosin and falitrast are used, 


Exposure should not exceed 0,5 sec, so that the focusing distance has to be reduced to 20, or even 15 cm 
on some x-ray machines, Increasing the exposure beyond that indicated above reduces the sharpness of the x 
rays due to the frequent breathing of the rabbit and its movement, Taking this peculiarity into account, a lens 
hood should not be used, 


The excretion of the contrast substances begins immediately after the injection and, in normally function- 
ing kidneys, continues to 60 min, and sometimes for an even longer time, 


We made pictures immediately after the injection of the substance, in 1, 2, 5, 10, 15, 20, 25, and 30 min, 
We feel that it is expedient to take x rays immediately following the injection of the contrast substance, after 
5-10, and after 25-30 min, because these intervals fully reflect the functional state of the kidneys and give good 
high-contrast pictures, 


In distinction from intravenous urography in humans, where we have all urinary tracts well filled with con- 
trast, in a rabbit, we essentially get a nephrogram, The pelvis does not always fill out with the contrast substance, 
while the ureters, as a rule, usually fill up only in their upper half, 


The contrast of the kidney shadows on x rays obtained during intravenous urography of rabbits set up under 
identical conditions varies greatly — from barely noticeable contours of the kidneys to clearly outlined shadows 
with easily distinguishable pelvises and upper portions of the ureters, Therefore, it is not always possible to draw 
definite conclusions concerning the function of the kidneys from the clearness and contrast quality of their sha- 
dows on x rays, This is possible only when urography is done repeatedly and the data obtained are compared, 
When urography is carried out a single time, the beginning and end of the excretion of the contrast substance are 
reliable indicators of the functional state of the kidneys in rabbits, 


We used this method for investigating kidney function in rabbits during intoxication by preparations con- 
taining arsenic, and during subcutaneous trauma of the kidneys in combination with radiation sickness, The re- 
sults obtained showed that the data of intravenous urography reflect the changes arising in the kidneys, and can 
be used for judging the functional capability of the latter, 
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SUMMARY 


More than 350 intravenous urographies were performed on rabbits, Various contrast media were used 
(cardiotrast, falitrast, uroselectan "B," and sergosin), 


The best results were obtained with cardiotrast and uroselectan "B," The contrast medium has to be ad- 
ministered slowly, since its rapid injection leads to complications and reduces the contrast of radiograms, Radio- 
grams taken directly after the administration of the contrast medium, in 5-10, and in 25-30 min, give a distinct 
picture of the functional condition of the kidneys, In rabbits mainly a nephrogram is obtained, Intravenous uro- 
graphy is a rather simple procedure in rabbits; it does not require any biochemical tests, and may be used in any 
clinic or laboratory equipped with an x-ray unit, This investigation should be done repeatedly, since the data 


obtained in these animals are variable, 
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As is well known, in order to study the effect of anesthetics under conditions of conduction anesthesia, a 

method is widely used in which the sciatic nerve of the frog is dissected; the method consists of the following. 
A strip of wax paper measuring about 5 X 20 mm is placed 
under the nerve; a wad of cotton moistened with the anesthe- 
tic solution is placed on the wax paper, Then, after certain 
periods of time, the nerve is irritated below the anesthetized 
portion, and the onset and subsequent disappearance of anesth- 
esia of the nerve is judged by the change in the general motor 
reaction, 


However, this method has a number of disadvantages, 
First, the graphic recording of the frog's reaction to the ir- 
ritation is difficult, which naturally reduces the value of the 
experiment; second, the degree and character of the effect 
of the anesthetics tested on the production of nerve impulses 
individually along the sensory fibers and the motor fibers of 
a mixed nerve in the same animal are not registered, In ad- 
dition to this, this method does not make it possible to con- 
duct a comparative study of two anesthetics or of a single 
preparation taken in two concentrations on a single frog. 


In an effort to improve this method and eliminate the 
disadvantages, we suggest that such investigations be carried 
out in the following manner, The lumbar plexus of a decapi- 
tated frog is exposed on the right or the left side, and the 
central part of the sciatic nerve and the peroneal nerve are 
separated; the latter is picked up on a ligature and cut, The 
semitendinosus and gastrocnemius muscles are connected with 
universal myographs, One of the electrode couples is placed 
under the lumbar plexus, and the other under the central end 
of the peroneal nerve, The electrodes are connected through a commutator with an induction apparatus supplied 
with electrical current from an alkaline battery, When stimulating the peroneal nerve, a current force is usually 
selected, such that a marked reflex contraction of the semitendinosus muscle is noted, When stimulating the 
lumbar plexus, the minimal current strength at which the gastrocnemius muscle contracts is used, 


Fig. 1. Diagram for setting up experiment 
to study conduction anesthesia, 
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Fig. 2. The effect of a 1% bencaine solution on the conductivity of nerve impulses along 
sensory and motor fibers of the sciatic nerve of the frog. Significance of curves (from the 
top down): myogram of the right semitendinosus muscle during stimulation of the right 
peroneal nerve; myogram of right gastrocnemius muscle during stimulation of the lumbar 
plexus of the same side; stimulation index, strength of current (distance between induction 
coils in cm) for stimulating the peroneal nerve (figures above), for stimulating of the motor 
fibers of the lumbar plexus (figures below); time (in min) from the moment of application 
of anesthetic solution to nerve, 


After the normal contractions of the indicated muscles during stimulation of the nerves with induction cur- 
rent are recorded on the tape of a slowly rotating kymograph, a small celluloid spoon with a small wisp of cotton 
moistened with the anesthetic solution is placed under the central part of the sciatic nerve; after certain intervals 
of time (3- or 5-min), the conduction of impulses along the sciatic nerve toward the center during stimulation of 
the peroneal nerve and toward the periphery, i.e., toward the gastrocnemius muscle, during stimulation of the 


lumbar plexus is checked (Fig. 1), At the same time, the semitendinosus muscle is the "witness" [1] of the change 


in conductivity of the sensory fibers of the sciatic nerve, while the gastrocnemius muscle is the "witness" of 
changes in the conductivity of the motor fibers of the same nerve, The motor nerve which innervates the semi- 
tendinosus muscle is not subjected to the action of the anesthetic, since this nerve approaches the muscle before 
the site of application of the wisp of cotton, The latter circumstance is notable in that it makes it possible to 
relate all kinds of changes in the reflex contraction of the semitendinosus muscle to changes in the conductivity 
in the afferent portion of the reflex arch being subjected to the action of the anesthetic, 


Figure 2 represents a mechanographic recording of one of the experiments on the determination of the 
blocking action of the anesthetic, bencaine, The upper myographic curve shows the contractions of the right 
semitendinosus muscle during stimulation of the right peroneal nerve, while the lower one shows the contractions 
of the right gastrocnemius muscle during stimulation of the lumbar plexus of the same side, As seen in Fig. 2 
after the 15th minute, the semitendinosus muscle did not respond by contracting during the stimulation of the 
peroneal nerve, 


The lower myogram shows that the conductivity of the motor nerve fibers going, as a component of the 
sciatic nerve, to the gastrocnemius muscle, did not disappear, but only decreased after 30 min, After the re- 
moval of the wisp of cotton, it was restored earlier than the conductivity of the sensory nerve fibers, Threshold 
stimulation for the contraction of the gastrocnemius muscle when the distance of the coils was 32 cm, was sub- 
threshold for the nonreflex contraction of the semitendinosus muscle, Increasing the strength of the current dur- 
ing stimulation of the plexus, which includes motor fibers going to the semitendinosus muscle, caused contraction 
of the latter, which is what is reflected on the upper myogram corresponding to the 33rd and 36th minutes, This 
phenomenon is evidence that the disappearance of contractions of the semitendinosus muscle in response to the 
stimulation of the peroneal nerve does not depend on changes in the efferent part of the reflex arch, but rather 
on the onset of anesthesia of the sensory fibers of the sciatic nerve, 


For the comparative evaluation of the anesthetizing effects of two solutions or two different agents, the 
design of the experiment is modified as follows, The right and left sciatic nerves are exposed, the peroneal 
nerves are placed on electrodes, while the corresponding semitendinosus muscles are connected to myographs, 
Then, one anesthetic solution is applied to the right sciatic nerve, while the other solution is applied to the left 
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sciatic nerve, and observations are made of the character of the changes in conductivity of both nerves, In view 
of the fact that it is very difficult to observe the changes in conductivity of both narcotized nerves simultaneous- 
ly (the activity of the reflex apparatus of the frog is found to be extremely inconsistent in this case), it is recom- 
mended that the anesthetizing activity of the two solutions selected be compared sequentially with respect to 


time, 


Finally, we should like to point out that many experimenters, regardless of the concentration of the anesth- 
etizing solution employed and time of onset of anesthesia, remove the wisp of cotton moistened with test solu- 
tion from the nerve after 5 or 10 min following its application to the nerve, With this sort of contact of the 
nerve with the anesthetic, nonuniform conditions are created for the onset of anesthesia caused by solutions of 
different concentrations, For example, when testing a 5% solution of novocaine, the nerve is in contact with the 
anesthetic solution at all times until complete anesthesia is attained; when testing a 0,25% solution, on the other 
hand, conditions for the restoration of conductivity rather than for its development are created long before the 
onset of anesthesia, since the wisp of cotton is removed at the 5th or the 10th minute, Therefore, the cotton 
and lining should be removed after the moment of onset of anesthesia, 


Thus, the method of investigation of conduction anesthesia suggested by us makes it possible to use the 
same subject to simultaneously make observations and objectively record anesthetic-induced changes in the con- 
ductivity of impulses along sensory and motor fibers of a mixed nerve, as well as to compare the anesthetizing 
effects of different solutions on the same animal, 


SUMMARY 


Many methods used for investigating the local anesthetizing effect of medicinal preparations have a signi- 
ficant drawback, preventing objective recording of the changes occurring during local anesthesia, Such methods 
give only subjective results, which are not always reliable, A method of assessing conduction anesthesia, sug- 
gested by the author, makes it possible to take a separate recording of the changes occurring in the nerve im- 
pulse conductivity along the sensory and the motor fibers of frog sciatic nerve, subjected to anesthesia, 
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ABBREVIATIONS MOST FREQUENTLY ENCOUNTERED 
IN RUSSIAN BIO-SCIE™“CES LITERATURE 


Abbreviation 
(Transliterated) Significance 


AMN_ SSSR Academy of Medical Sciences, USSR 

AN SSSR Academy of Sciences, USSR 

BIN Biological Institute, Botanical Institute 

FTI Institute of Physiotherapy 

GONTI State United Sci-Tech Press 

GOST All Union State Standard 

GRRRI State Roentgenology, Radiology, and Cancer Institute 
GTTI State Technical and Theoretical Literature Press 

GU State University 

I Kh N Scientific Research Institute of Surgical Neuropathology 
IL (1IL) Foreign Literature Press 

IONKh Inst. Gen, and Inorganic Chemistry (N. S, Kurnakov) 

IP Soil Science Inst. (Acad, Sci. USSR) 

ISN (Izd. Sov. Nauk) Soviet Science Press 

Izd. Press 

LEM Laboratory for experimental morphogenesis 

LENDVI Leningrad Inst. of Dermatology and Venereology 

LEO Laboratory of Experimental Zoology 

LIKhT Leningrad Surgical Institute for Tuberculosis and Bone and Joint Diseases 
LIPZ Leningrad Inst, for Study of Occupational Diseases 

LIPK Leningrad Blood Transfusion Institute 

Medgiz State Medical Literature Press 

MOPISh Moscow Society of Apiculture and Sericulture 

MVI Moscow Veterinary Institute 

MZdrav Ministry of Health 

MZI Moscow Zootechnical Institute 

LOKhO Leningrad Society of Orthopedic Surgeons 

NIIZ Scientific Research Institute of Zoology 

NINKhI Scientific Research Institute of Neurosurgery 

NIU Scientific Institute for F ertilizers 

NIUIF Scientific Research Institute of Fertilizers and Insecticides 
NIVI Veterinary Scientific Research Institute 

ONTI United Sci. Tech. Press 

OTI Division of Technical Information 

RBO Russian Botanical Society 

ROP Russian Society of Pathologists 

SANIIRI Central Asia Scientific Research Institute of Irrigation 
SANIISh Central Asia Scientific Research Institute of Sericulture 
TsNII All-Union Central Scientific Research Institute 

TsNTL Central Scientific and Technical Laboratory 
VASKhNIL All-Union Academy of Agricultural Sciences 

VIG All-Union Institute of Heiminthology 

VIEM All-Union Institute of Experimental Medicine 

VIR All-Union Institute of Plant Cultivation 

VIUAA All-Union Institute of Fertilizers, Soil Science, and Agricultural Engineering 
VIZR All-Union Institute of Medical and Pharmaceutical Herbs 
VNIRO All-Union Scientific Institute of Fishing and Oceanography 
ZIN Zoological Inst. (Acad. Sci. USSR) 


Note: Abbreviations not on this list and not explained in the translation have been transliterated, no further 
information about their significance being available to us, ~ Publisher, 
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Abbreviation* 


Agrobiol, 

Akusherstvo { Ginekol. 
Antibiotiki 

Aptechnoe Delo 

Arkh, Anat. Gistol, i Embriol. 


Arkh. Biol. Nauk SSSR 

Arkh. Patol. 

Biofizika 

Biokhimiya 

Biokhim, Plodov { Ovoshchei 
Bot. Zhur. 

Byull. Eksptl., Biol. i Med. 


Byull. Moskoy. Obshchestva Ispytatelei 


Prirody, Otdel Biol, 
Doklady Akad, Nauk SSSR 
Eksptl, Khirurg. 
Farmakol. i Toksikol. 
Farmatstya 
Fiziol. Rastenii 
Fiziol, Zhur, SSSR 


Gigiena { Sanit. 
Izvest. Akad. Nauk SSSR, Ser, Biol, 


Izvest. Tikhookeanskogo N. L Inst. 
Rybnogo Khoz. i Okeanog. 

Khirurgiya 

Klin, Med, 

Lab. Delo 

Med. Parazitol. 

Med. Radiol. 

Med. Zhur. Ukrain. 

Mikrobiologtya 

Mikrobiol. Zhur, 

Nevropatol., Psikhyat. 1 Psikhogig. 

Ortoped., Travmatol, i Protez. 

Parazitol. Sbornik 

Pediatriya 

Pochvovedenie 

Priroda 


Problemy Endokrinol. 1 Gormonoterap. 


Problemy Gematol. 


Problemy Tuberk. 
Sovet. Med. 

Sovet. Vrachebny Zhur. 
Stomatologiya 


RUSSIAN JOURNALS FREQUENTLY CITED 


[Biological Sciences] 


Journal* 


Agrobiologiya 

Akusherstvo i Ginekologiya 

Antibiotiki 

Aptechnoe Delo 

Arkhiv Anatomii Gistologii i Embriologii 


Arkhiv Biologicheskikh Nauk SSSR 

Arkhiv Patologti 

Biofizika 

Biokhimiya 

Biokhimiya Plodov i Ovoshchei 

Botanicheskii Zhurnal 

Byulleten Eksperimentalnoi Biologii i Meditsiny 


Byulleten Moskovskogo Obshchestva Ispytatelet 
Prirody, Otdel Biologicheskii 

Doklady Akademii Nauk SSSR 

Eksperimentaina ya Khirurgiya 

Farmakologiya i Toksikologiya 

Farmatsiya 

Fiziologiya Rastenii 

Fiziologicheskii Zhurnal SSSR im. I. M. 
Sechenova 


* BRITISH-AMERICAN TRANSLITERATION SYSTEM. 


Gigiena i Sanitariya Hygiene and Sanitation oe 
Izvestiya Akademii Nauk SSSR, Seriya Biologi- Bulletin of the Academy of Sciences USSR, z. 
cheskaya Biology Scries 
Investiya Tikhookeanskogo N. I, Instituta Bulletin of the Pacific Ocean Scientific 
Rybnogo Khozyaistva i Okeanogra fii Institute of Fisheries and Oceanography 
Khirurgiya Surgery 
Klinicheskaya Meditsina Clinical Medicine 
Laboratornoe Delo (po Voprosam Meditsiny) Laboratory Work (on Medical Problems) 
Meditsinskaya Parazitologiya i Parazitarnye Bolezni Medical Parasitology and Parasitic Diseases 
Meditsinskaya Radiologiya Medical Radiology 
Medichnii Zhurnal Ukrainskii Ukrainian Medical Journal 
Mikrobiologiya Microbiology 
Mikrobiologichnii Zhurnal Microbiology Journal ie 
Nevropatologiya, Psikhyatriya i Psikhogigiena Neuropathology, Psychiatry and Psychohygiene a 
Ortopediya, Travmatologiya i Protezirovanie Orthopedics, Traumatology and Prosthetics 
Parazitologicheskii Sbornik Parasitology Collection 
Pediatriya Pediatrics 
Pochvovedeniec Soil Science 
Priroda Nature 
Problemy Endokrinologii i Gormonoterapii Problems of Endocrinology and Hormone 
Therapy 
Problemy Gematologii i Perelivaniya Krovi Problems of Hematology and Blood Trans- 
fusion 
Problemy Tuberkuleza Problems of Tuberculosis ee 
Sovetskaya Meditsina Soviet Medicine ' 
Sovetskii Vrachebnyi Zhurnal Soviet Physicians Journal! 
Stomatologiya Stomatology 
(continued) 


Translation 


Agrobiology 

Obstetrics and Gynecology 

Antibiotics 

Pharmaceutical Transactions 

Archives of Antomy, Histology, and 
Embryology 

Archives of Biological Science USSR 

Archives of Pathology 

Biophysics 

Biochemistry 

Biochemistry of Fruits and Vegetables 

Journa! of Botany : 

Bulletin of Experimental Biology and a 
Medicine 

Bulletin of the Moscow Naturalists Society, 
Division of Biology 

Proceedings of the Academy of Sciences USSR 

Experimental Surgery 

Pharmacology and Toxicology 

Pharmacy 

Plant Physiology 

I. M, Sechenov Physiology Journal USSR 
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(continued) 


Abbreviation 


Terap. Arkh, 
Trudy Gelmint, Lab. 
Trudy Inst, Genet. 
Trudy Inst. Gidrobiol. 
Trudy Inst. Mikrobiol, 
Trudy Inst. Okean, 


Trudy Leningrad Obshchestva Estestvoisp, 
Trudy Vsesoyuz. Gidrobiol. Obshchestva 
Trudy Vsesoyuz, Inst. Eksptl, Med. 


Ukrain. Biokhim. Zhur. 
Urologiya 

Uspekhi Biokhimiya 

Uspekhi Sovremennoi Biol. 
Vestnik Akad, Med, Nauk SSSR 


Vestnik Khirurg. im, Grekova 
Vestnik Leningrad, Univ. Ser. Biol. 


Vestnik Moskov, Univ., Ser. Biol. 1 
Pochvov. 

Vestnik Oftalmol. 

Vestnik Oto-rino- laringol. 

Vestnik Rentgenol. { Radiol. 

Vestnik Venerol, 1 Dermatol. 

Veterinariya 

Vinodelie i Vinogradarstvo 

Voprosy Klin. 

Voprosy Med, Khim. 

Voprosy Med. Virusol, 

Voprosy Neirokhirurg. 

Voprosy Onkol, 

Voprosy Pitaniya 

Voprosy Psikhologii 

Voprosy V irusologti 

Vrachebnoe Delo 

Zav. Lab. 

Zhur. Mikrobiol., Epidemiol. i 
Immunobtol. 

Zhur, Nevropatol. i Psikhiat. 


Zhur. Obshchei Biol. 
Zhur. Vysshei Nerv. Deyatel. 


Zool. Zhur. 


Journal 


Terapevticheskii Arkhiv 

Trudy Gelmintologicheskoi Laboratoriya 

Trudy Instituta Genetiki 

Trudy Instituta Gidrobiologiya 

Trudy Instituta Mikrobiologiya 

Trudy Instituta Okeanologiya, Akademii Nauk 
SSSR 

Trudy Leningrad Obshchestva Estestvoispytatelei 


Trudy Vsesoyuznogo Gidrobiologicheskogo 
Obshchestva 

Trudy Vsesoyuznogo Instituta Eksperimentalnoi 
Meditsiny 

Ukrainskii Biokhimichnii Zhurnal 

Urologiya 

Uspekhi Biokhimiya 

Uspekhi Sovremennoi Biologiya 

Vestnik Akademii Meditsinskikh Nauk SSSR 


Vestnik Khirurgii imeni Grekova 

Vestnik Leningradskogo Universiteta, Seriya 
Biologii 

Vestnik Moskovskogo Universitera, Seriya 
Biologii i Pochvovedeniya 

Vestnik Oftalmologii 

Vestnik Oto-rino- laringologiya 

Vestnik Rentgenologii i Radiologti 

Vestnik Venerologil 1 Dermatologii 

Veterinariya 

Vinode lie i Vinogradarstvo SSSR 

Voprosy Klinicheskie 

Voprosy Meditsinskoi Khimii 

Voprosy Meditsinskoi Virusologtii 

Voprosy Neirokhirugii 

Voprosy Onkologii 

Voprosy Pitaniya 

Voprosy Psikhologii 

Voprosy Virusologii 

Vrachebnoe Delo 

Zavodskaya Laboratoriya 

Zhurnal Mikrobiologii, Epidemiologii i 
Immunobiologii 

Zhurnal Nevropatologii i Psikhiatrii iment 
S. S. Korsakov 

Zhurnal Obshchei Biologiya 

Zhurnal Vysshei Nervnoi Deyatelnosti imeni 
I, P, Pavlova 

Zoologicheskii Zhurnal 


Translation 


Therapeutic Archives 

Transactions of the Helminthology Laboratory 

Transactions of the Institute of Genetics 

Transactions of the Institute of Hydrobiology 

Transactions of the Institute of Microbiology 

Transactions of the Institute of Oceanology, 
Academy of Sciences, USSR 

Transactions of the Leningrad Society of 
Naturalists 

Transactions of the All-Union Hydrobidlogical 
Society 

Transactions of the All-Union Institute of 
Experimental Medicine 

Ukrainian Biochemical Journal 

Urology 

Progress in Biochemistry 

Progress in Contemporary Biology 

Bulletin of the Academy of Medical Science 
USSR 

Grekov Bulletin of Surgery 

Journal! of the Leningrad Univ., Biology Series 


Bulletin of the Moscow University, Biology and 
Soil Science Series 

Bulletin of Ophthalmology 

Bulletin of Otorhinolaryngology 

Bulletin of Roentgenology and Radiology 

Bulletin of Venereology and Dermatology 

Veterinary Science 

Wine-Making and Viticulture 

Clinical Problems 

Problems of Medical Chemistry 

Problems of Medical Virology 

Problems of Neurosurgery 

Problems of Oncology 

Problems of Nutrition 

Problems of Psychology 

Problems of Virology 

Medical Profession 

Factory Laboratory 

Journal of Microbiology, Epidemiology, and 
Immunobiology 

S. S. Korsakov Journal of Neuropathology and 
Psychiatry 

Journal of General Biology 

L P. Pavlov Journal of Higher Nervous 
Activity 

Journal of Zoology 
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author to gather material from extensive observations, 
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INTRAARTERIAL 
INFUSION OF 
PROCAINE 


IN THERAPEUTIC 
PRACTICE 


by N. K. Gorbadei 


Translated from Russian 


This English translation of Dr. Gorbadei’s book includes 
as an appendix a report by I. I. Velikanov on treatment of hyper- 
tensive patients with intraarterial procaine infusions. Dr. Veli- 
kanov’s report was first published in the Bulletin of the Academy 
of Sciences of the Kazak SSR. 


Cases of peptic ulcer dating back to the siege of Leningrad 
responded to a series of infusions of procaine into the arteries, 
so that the patients were able to resume their normal activities, 
according to the author, Dr. N. K. Gorbadei who has reported on 
177 cases of peptic ulcer treated at the Leningrad Sanitary- 
Hygiene Medical Institute. 
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